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EXECUT%VE SUI~tARY 

, 
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~! 

¯ 

About 7:36 a.m., Pacific daylight time, on May 12, 1989, Southern
Pacific Transportation Company freight train I-HJLBP-1II, which consisted of 
a four-unit locomotive on the head end of the train, 69 hopper cars loaded 
with trona, and a two-unit helper locomotive on the rear of the train,
derailed at milepost 486.8, in San Bernardino, California. The entire train 
was destroyed as a result of the derailment. Seven homes located in the 
adjacent neighborhood were totally destroyed and four others were extensively
damaged. Of the five crewmembers onboard .the train, two on the head end of
the train were killed, one recetwd serious injuries, and the two on the rear 
end of the train received minor injuries. Of eight residents in their homes 
at the time of the accident, two were killed and one received serious 
injuries as a result of being trapped under debris for ]5 hours. Local 
officials evacuated homes~n the surrounding area because of
14-1nch pipeline owned by the Ca]nev Pipe Line Company, which was 
transporting gasoline, and was located under the .wreckage,..mayhave .been 
damaged-during- the accident sequence or was susceptible to being damaged
during :~eckage-c]earing operations. " Residents we~’e .allbwed to return to 
their, homes within 24 hours of the derailment. _... 

" About 8:05a.m., on Hay.25, ]989, 13 days after the train derailment, 
the 14-.inch pipeline ..ruptured at the site of the derailment, released its 
product, and ignited. As a result of the release and ignition of g~soline, 
residents were killed, 3 received serious injuries, and 16 reported ~inor
injuries. Eleven homes in the adjacent neighborhood were destroyed, 3 

" received moderate fire and smoke damage, and 3 received smoke-damage ~nly.
In addition, 21 motor vehicles were destroyed. Residents within a four-Dlock
area of th~..ruptur¢ were evacuated by local offic.~als ............. 

Total damages as a result, of the train derailment and pipeline rupture 
exceeded $ ]4 million. 

The eajor safety issues include: ... 

Ratlroad 

o- the means by which the shipping weight~ were determined 
for the shipment of the trona laden hopper cars; 

o the dispatching of locomotives without operable dynamic 
brakes on mountain gradients; 

o the information received by the road engineer regarding
the weight of the train and the number of .operable 
dynamic brakes; 

o the communication between the road and helper engineers 
regarding the operation of the train, and communication
with the dispatcher; 

V~ 



  

   

o the engineer’s training program, which did not adequatelyIII o	 ¯address eme~jency situations; 

| o	 changes in operating¯ procedures made by Southern Pacific 
after the accident; ¯I 

I Ptpeltne 

o .Southern Pacific’s wreckage clearing operations in theB 
¯ areaof Calnev’s pipeline alignment; _
~
 

o. Calnev’s oversight surveillance of the train wreckage.
lJ
 
cleaYing operations and truna removal.in the derailment
~
 
area;	 . ¯ ~
 

~I o C~lnev’s assessment of pipeline integrity prior to ... 
~, - ._ .. resuming_:full pressure.operation of the pipeline after 
~
 the derailment;
 

o	 the effectiveness of.the pipeline check valves used to
 
minimize product release;. ..
 

..... o	 the adequacy of Federal regulations to address the
 
inspection and maintenance of valves for liquid
 
pipelines.
 

The National Transportation Safety.Board determined that theprobable
 
c~use of the train derailment on May 12,.:~1989, was the failure to determine
 

--- and communicate -the-~ccurate. trailing weight of. th-e--t-ra~n, f~i;1.ure to 
communicate the status of ’the train’s dynamic brakes, and the Southern 
Pacific operating rule that provided inadequate direction to the head-end 
engineer on the allowable.speed and brake pipe reduction down the 2.2-percent 
grade. 

The National Transportation Safety Board determined that the probable
 
cause of the pipeline rupture on May 25, 1989, was the inadequate testing and
 
inspection of the pipeline following the derailment that failed to detect
 
damage to the pipe by earth-moving equipment. Contributing to the cause of
 
the .pipeline rupture was the severity of the train derailment that resulted
 
in extensive wreckage and commodity removal operations. Contributingto the
 
severity of the damage resulting from substantial product release was
 
Col-ney’s fail:ure to inspect and test check ~-a]ves t.o determine that they
 
functioned properly, particularly after the train derailment.
 

As a result of its investigation, the Safety Board issued safety 
recommendations to the Southern Pacific Transportation Company, the Calnev
P~pe Line Company, the Federal Railroad Administration, the Association of 
h~ericaa Railroads, the City of ~an Bernardino, the Research and Special
Programs Administration, the National Association of Counties, and the 
National League of Cities. The Safety Board also reiterated safety
 
recommendations to the Research and Special Programs Administration and the
 
Federal Railroad Administration.
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NATIONAL TRANSPOATA¥10NSAFETY BOARD 

..... MASEINGTON D.Co g0594 

" RAILROAD ACCIDENT REPOAT 

-DERAILIIENT OF SOUTHERN PACIFIC TRANSPORTATION CONPANY 
FREIGHT TRAIN ON I~Y 12, 1989, AttO S~BSEQUENT 

RUPTURE OF, CALNEV PETROLEI,~ PIPELINE ON HAY 25, 1989 
AT SAN BERNARDZHO, CAL]FORJ~]A 

]NVESTIGAT]ON 	 ¯ 

Events Preceding-the Train Derailment 

Loqdinq .of Hopper Cars.--The Lake Minerals Corporation, an Owens Lake, ~. 
California, company involved in the mining and shipment of trona,1 conLracLed 
with the Southern Pacific Transportation Company.(SP) to have a shipment of~ ~ 

transported from the Corporation’s-rail. facility in Rosamond, ~ 
California (see.figure 1), to thePort of Los Angeles. The tronB was then to :i 
be loaded into a vezsel-destined ~or,Colombia, South America." Lake Minerals’ "	 )
..... customerhad ordered6,835tonsof trona. The contract with the SPspe¢ified
 
that the. railroad would" provide :69 100-ton open-top hopper cars~ Lake
 
MineralS" payment to the SP was to be based on 100 to~s per car. . .......
 

i
 

Because Lake Minerals corporation did not have ~’ail facilities at itS.
 
Owens Lake plant, .the tro~a w~s. shipped by truck from there to the rail
 
facility at Rosamond, where the trona was loaded into the open-top hopper
 
cars by a loading contractor hired by the Lake Minerals Corporation. The
 
Lake Minerals Corporation had shipped, trona by rail to- the Port of
 
Los Angeles on only one previous occasion. The superintendent .of Lake
 
Minerals Corporation testified that on that first shipment the compae~y had
 
averaged BS.tons per_ca~_when_ thecontract had also called~r.._IDO tQn~.per .._
 
car. He stated, "We-ended up.with-a significant shortage at the port and did L. ,
 

. not have enough material to fill-the vessel," and "...we ended up with a .
 
dead freight- charge." For the second shipment, Lake Minerals Corporation

requested that the loadin? contractor installa sensing device on the front- I
 
end loader.to measure the amount of material that was being .loaded into the ~
 
cars. To-test.the. accuracy of:thesensing device, a truck was loaded with I
 

device was checked for accuracy after about halfthe cars had been. loaded. 
The superintendent stated that he was satisfied that the de,ice accurately 
weighed the loads. He further testified that "we were very concerned with 
being as accurate as possible." In addition to expressing concern, that they

i	 did not underestimate the ~mount of trona loaded, he stated, "At the Port {
 
ijI	 facility there is noway to handle the trona if we had excess ~aterial and 

the vessel was loaded.:. We would have had to. dump ~t on ~he ground and haul 
it back...and we wanted to avoid that at all costs." ¯ -. .... i 

1 -A rz-v mat-~ri--a-t -omp-ose-d of sodiu~ carbonate, sod]u.m .bica-r.bona-Te, and 

~oter. It is a Source for soda ash, pure sodium carbonate, end ~s used in 
-- the manufacture.of fertttiZer. ’""::- ¯ ": ..... ::::’:::,.~-". : 

~-" ........ II I II 
¯ ~ 





           
           

           

                      

  

Because the rail facility at Rosamond would not accGm~date 69 cars, on 
Hay 5, May 6, and May B, ihBg, the SP moved 32, 15, and 22 load~d cars~ ..:9 ¯ 

_ respectively, from Rosamond to a side track at Fleta (figure I). After the 
cars were loaded, yard clerks at Mojave "released" the cars by changing the 
status of each car from an "empty" to a "load,"~ in SP’s computer system. -
The computer process required, at the tim.} the status was changed, tht entry
of an estimated weight of the product. Three different yard clerks, b~se~ on 

~~ 
";~-~ 

~ their prio~ railroad experience, entered estimated weights into the car file~ 
of the computer system on three separate occasions--each time the groups of ~"
ca~s were moved from the Rosamond f~cility to the side track at Fleta, (The 
32 cars moved on May 5 were estimated at 50 tons each, the 15 cars moved on .... 

¯ May 6 were estimated at 75 tons each and ~e 22 cars¯ moved o~ May B were ~.~ 
" estimated at 60 tons each.) The light (empty) weight of the car was 

programmed into the system, and the system would automatically compute the 

~̄ 
total weight of each car. According to their testimony, th~ yard clerks, wh~ 
had no knowledge of the contents of the contract between .the SP ~nd Lake 
Minerals~. believed that the ~eight they ostimated when the cars ~ere released 
would be autematically replaced in the computer system by the ~ights shoya~. 
on the shipper’s¯ bill of %ading when that document was later r~eived in Los 

~ 
¯.-I 

.~ 
. _ Angeles and the shipper weights were entered into the. computer. Testimony by

:the yard clerks further indicated that estimatedweights suhplied when cars 
were released were routinely overridden by ~hippe;~ weights at ~ater dates, 

;~ ... 

and that they had no reason to believe that it would not be done in this 
instance. One of the yard clerks, whn had worked in that capacity for 
17 years with the SP and who estimated the weights oF the 15 cars ~ved on 
May 6, stated that it was important to estimate as closely-as possible the 
actual weights of the cars; however, he could ~ot offer a ~rec~se reaso~ for 
why it was important. There was no documentation available to the yard 
clerks that indicated the acti|al weight of trona (or any other ce~modity), 

Fr_Z~p_ar~n~F the Shipper’s -Bil-l.- o~. Ladinn.--On May 6, I98g,--~h~ ..... _ .~.. . 
superintendent of Lake Minerals Corporation submitted a bill of lading for -..~. 
the 6g cars loaded with trona to a shipping clerk at the SP’s yard o=fice at 
Mojave. The bill of lading (appendix C) indicated the total number of cars 
to be shipped, the destination of the cars, and the cer numbers. The weigh~ 

..) 

of the cars was not listed on the bill of lading, ~ .d there was no discussion 
regarding the weight of~the.cars. T~e document was reviewed ~nd signed by 
both the shipping clerk and. the superintendent. The superintendent .... 
testified that.it was an oversight that he did not provide the w~ights on the ~~~ 
bill of lading. He stated, "There was no question about the weights and it 
was understood, as far as I knew, that they were lO0 ton cars, they were 
loaded and we’d ordered 69 of them. The shipping clerk testified that after. ~.~ 
the.superintendent of Lake Minerals Corporation !eft the office, he realized 

2 The purpose in ~relessingm’ or changing the stBtus of a car ~s to 
release the customer (in this case Lake Miners[s) from the per die~ charge 
for holding empty cars. 

3 Southern Pacific~s computer system is composPd of various f~ieS 
.} 

:: including a car file and a waybi(l file. Additional ~s:ussion occurs under -.~ 
¯ Method of Operation. 



that the SP billing, office in Los Ange1~s would require that a weight be
shown on the. shipper’s bill of lading. He stated that he atte=gted to
contact Lake Minerals. Corporation to inquire about the weights of the cars 

L-.(
’ 

~~ i 
; i ... 
~.) 
;".; .
~ 
;..~ 

.. 

¯ 

but ,~-zs unable .to. obtain ti~e company’s tzlephone number. Based On_ his
experience.working for the railroad, he then estimated the weight of the
product to be. 60 tons per car and wrote the figure of I20,000 pounds per car
onthe bi!l. of:lading..(appendix C). He.testified, "...I figured these cars
were lighter th~n ce~nt cars and I knew cement, cars were 75 tons, so ~
estimated-weightwas 60 tons and I entered it." The shipping clerk did not
indicate on the bill of lading that the weight listed was an estimat~
wetght.. "After writi,g the figure of 120,000 pounds per car on the bill. o~
lading, he sent the docu~nt, via a facsimile (fax) ~achine, to the
Los.Angeles office.. The shipping clerk testified that he had never before
received a bill oflading .that did not have the weights provided. ~ere was
no docu~ntation available to the shipping clerk that indicated the actua(
weight of-trona (or any other co~odity) or outlined the procedures to fGllou
when the shipper"did not provide weights on the bill of lading. The
superintendent of. Lake Minerals testified that he believed the weight of

¯ ~00,000 pounds percar had been written on the bill of lading ~or the first
shipment of t~na. 

._ 

. Upon receipt of the docu~nt in the Los Angeles office, a billi~..~lerk 

~: ............ ) 

" " entered .the .bill of lading . information into SP’s computer sys~=m;
infomati0~ th-at would later be used to prepare the train {tonnage) profile.~ 
According.. to SP’s director of system clerical, operations, there are two

¯ methods available tothe billing clerk to enter bill of lading ir=fomation 
" 

into the computer when .a unit trains is involved. He testified, "One is 
where the only thing that you show is the total shipment weight, the
cumulative., weight of all cars and not the individual weights of each car.
The second method of entry is where you make the individual weights for the
individual cars." Further testimony indicated that. if the first ~thod is 
used, weight infomation will be entered into the waybill file but that .any
weight previously entered into the car file will not be upgraded. If the 
second method is used, the weights estimated and previously entered into the 
car {ile ~--the co~er, system.by the yard clerks would be o~rridden by the 
weights enteredby the billing clerk. The billir clerk in Los A~eles om
May 6, 1989, used. the first method for ente~r..] the bill of lading 
information. -There was no indication on the ~cument received by the 
billing clerk in Los Angeles that the figure of 120,000 pounds per car was a~
estimated weight.. 

exampte, a unit coat train. 



".. Actt¥.i!;|es of Ext~a-.?551 E~L~I.--At 5:00 p.m., on Hay 11, 1989,thechief 
train ~|-spatcher on duty.at Lo~ ~eles, Ca!lfo~nia, telephoned a yard clerk 
at~Jave (see ftgu~ 1) a~ tr~for~ .him of ~lans to operate a train to 

.... the.::69 ’ "cars " of . t~na-.f~ ]. Ftet~ to West ~olton, near Los Mgeles. At 
-..9:00 p.~; that:"eve~l~,.a.tr~tnc~w consisting of .a loc~ttve engineer, a

o~ucto~, and/ brak~n.. ~port~ for duty at SP’s ~a~ office
.B~kePsfteld; Cal]fo~ta;- At 9:1S p.m. ~le In the Bakersfield ya~ 

-- the .c~ductor telephon~ t.he ya~ clerk at Ho~ave and was told about the
c~’s asstgn~nt.to operata SP train ~LBP1-11 (deslgn~t~ Extra 755] East)
out~of~ave, tohaul 69 c~s.of .t~na. The creamers ~ transported ~n 
ac~ van rf~ Bakersfield. to ~ave where they a~rlv~ and entered the 
ya~.offtce .at .a~ut 10:30 p.m. The c~ew p~cked up a clearance fore, t~/ln 

-:o~ers,.:._tratn-1]sL, and tonnage p~file (~he latter docu~nt Is 9enerat~
the. SP-:.c~ute~ syst~ a~bas~, in part, on infomatlon in the ca~ file) 
(ap~1x D),.-and depart~ the offtce. The docents p~vid~ to the 
t~tcat~that-the tratn constst~ of 69 loaded~cars with a trailing tonnage 
of.6,151 tons. ~e enginee~ tesL~ft~ that ne~her he nor the ¢onducto~ had 
any concern a~ut the pa~rk received. The dispatche~ on duty
5:00 p~m. that day had arranged for the c~w to Lake three locative units 
fr~ the Ho~ave yard to Fleta (3 mtles away) ,here they would couple onto the
69 cars ~ss~l~ in the s~ding. They wer~ to then pick up an
l̄ociLive-unit at Pal~ale T~ (figure I) to help in ascending the 

.......... ¯ ~:Z percent grade to Hila~. 

After-departing the office, the crew proceeded to the yard to check out
 
the three-unit 1oc~tive consist. Between 11:00-.p.,m. and 11:30p.m,, the
 
-conductor called the yard clerk and info~ed him that .loco~tive unit SP 7551
 

..- was.. "dead-in-consist" .and..could not be started. Th~ engineer testified that
 
the crew attempted to dete~ine the reason the unit Would not start but was
 
unsuccessful. The yard clerk inst~cted th~ crew to use another unit
 
{SP 8278) that was in the ya~ next te the three-unit consist. The
 
clerk then infold the assistant.ch~f dispatcher, who had c~ on duty in
 
Los Angeles at 10:30 p.mL, of the condition of SP 7551 and of the use
 
SP 8278.~-Tbe .assistant chief dispatcher testified that he was concerned that
 
with..only three-~-tive~ts-the train ~auld not take the 69 ~ded
 
hopper, cars farther than ~nis(see figure 1), and so he decid~ to alLer the
 
plan to ~upply 1oc~ti.ve po~r for Extra 7551 East that had been arrang~ by
 
the dispatcher on the p~ev1.ous shift. Rather than have the crew pi~k up an
 
additlonal .1oco~tive unit at Pa1~ale.Two, the assistant chief dispatcher
 
arranged for a helper l~o~t~ve to ~ve toward Mojave, ~t Extra 755! East
 
at Oban, and assist the train up the ascending grade to Hiland and though
 
the ~ajon Pass.~ The assistant chief dispatcher testified that he mad~ this
 
decision based on his belief that the tonnage of Extra 75SI East was
 
8,900 tons, a figure that he calculated based on his experie,ce .~itb the
 
product. He further testif.ied ~aL ev~ though he had a copy of a yard list
 
prepared by the yard clerks the previous week when they released the cars
 
indicating a trailing tonnage of 6,]51 tons, he believed that figure to ~ an
 
estimate~ weight that would have been overridden when the bill of lading
 
info~ation was placed in the computer system. According to his testi~ny,
 



  

¯ ". 
.. 

he determined the number of locomotive units that would be needed to move the 
train up the grade based o, the 8,900 tons. He testified also that he had 
never previously reca!culated the tonnage of a train to deter~tne the number 
of locomotives that ~ould be needed. He stated that he further believed that 
the crew had been provided-with an upgraded Weight reflecting the figure of 
8,900 tons. He did not. communicate with the crew nor did he use the co~uter 
system, which was available~to him at his desk in Los Ange!es,.to determine
the tonnage figure that.had been provided 9o the crew. 

i 
-

¯ 

i 
i 

After conducting an initial retinal air brake test,7 the crew of Extra 
755! East departed Nojave yard (NP 38].3) at 12:]5 a.m., on Nay 12; en route
to Fleta (NP 384.4) with a locomotive consisting of units SP 8278, SP 7551, 
SP 7549, and SP 9340 configured in that order from east to west.. (The
engineer testified that because he was not told to do anything with unit 
SP 7551, he kept it i~ the consist.) The engineer was operating froa 
lead unit, SP 8278, en route to Fleta.a Because main.tenance-of-iay equipment 
w~s occupying the east end of the siding at Fleta, the dispatcher instructed 
the crew to continue eastward to Ansel (NP 390.4) and enter a side track at 
that- location to clear the ~ain track for traffic According to the 
engineer, Extra 7551 East arrived at Ansel at 12:40 a.m., waited for the
track traffic to pass, and departedAnsel at 1:15 a.m. to return to Fleta. 
On the. return trip to Fleta, SP 9340 was the le~d unit in the consist, and
the engineer operzted from that Onit. " Because the .maintenance--of-w~y 
¯ .equipment was still occupying the east end of the siding at Fleta, the crew 
was unable to position their locomotive units on the east end of the train to 
continue their eastbound trip. It was n~cessary, .therefore, for the crew to 
enter the west end of the siding_.(see figure 2), couple their units to that 
end of the 69 hopper cars, return westbound to Mojave yard, reposition their 
locomotiws units at that location, and then continue their eastbound train 
movement. The engineer testified that before departing Flora, the train li~e 
pressure was charged but an air brake test was not conducted. The engineer 
stated that while operating from unit SP 9340 on the return trip to Mojave, 
the dynamic brakes~ were intermittent: "It would load and then the dynamics 
would drop out on the unit." (Additional discussion occurs¯under Mechanical.. 
Information.) ThHng.ineer--testified that after the loc~motive consist ~as
repositioned and coupled to the cars in Mojave yard, a test for ~eakage of 
the train line pressure .and an ini-t~.al term~.na.l air brake test ~ere 
performed. According-to the engineer, none of the crewmembers expressed 
concern about the tests. After waiting for an inbound train to clear the 
m~in track, Extra 7551 East departed Mojave at about 3:35 a.m. with the 
engineer operating the train from the lead unit, SP 8278. The conductor was 

~ 7 The SP air brake ru~e$ require that the ~ra~n a~r brakes be te~ted 

~"~: 8 Train designation is b~$e~ oh the ~umber of ~he &cad tocoa~tive 

i _. 

Even though unit SP 8278 was the |e$~ unit i~ the |ocomotive consist, 

train designation rema~ed Extra 7551 

~he 

i energy of ¯ ~oving locomotive {nto an effective retarding force. 





saated in the cab across from the engineer; the brakeman was seated in the
cab of the third unit, 5P 7549. According to the engineer, the brakeman was 
seated in the. third unit to keep w~rm because the second unit, 5P 7551, was 

....... ¯ .	 not operating, The engineer stated that the dynamic brakes on SP 8~78 ~ere
 
...........	 ~worktng,e and .that~ ~hen he asked the brakeman about the condit_ion of the 

dynamtc.brakes on. SP 7549, the brakeman rap]led, "It’s revving."-. The
engineer further¯ stated that he did not conduct a visual observation~° of 
SP 7549 to determine if its dynamic brakes were operative. Extra 7551 East

¯ .	 proceeded, to Oban, and the dispatcher instructed the cre~ to move into the

std|ng atthat location to await a westbound train that wa.s being assisted by
 
a helper un.~t; the helper unit Weu]d be cut off and used to assist Extra 7551

East over the Cajon
 

Lm~!2tvtttes.of_HelDer Un|t.--At 1:30 a.m., on Hay i2, 1989, an SP crew, 
c~nsisttng of .a locomotive engineer and brakeman, reported for duty at West 
Colton yard.. The crew was transported in a company van from the Xest Colton
yard to ,rike (HP.481) (see figure 1), arriving at that location at about 

.....	 2:30 a.m. The. crew took .charge of a two-unit locomotive consist, SP 7443
(facing West) and SP 8311 (facing east), that was to be used ia helper 
service (assisting trains, traversing Cajon Pass). The crew (hereinafter
referred to as-the helper engineer and the helper brakeman) was instructed by. 
the train dispatcher to operate from Dike to Palmdale Two (MP 417.3) and then
 
to assist.a westbound train, Extra 8240 West, between Palmdale Two and Oban
 

¯
 
" . had.relieved that. the dynamic brakes on unit sP 8317 were inoperative, The
 

" .. ¯ movement from Palmdale Two to Oban was uneventful, and the cre~me~d)er~ had no
 
concern about the operation of the train. At about 5:06 a.m., the dispatcher .....
 

" " - instructed the helper engineer to couple thehelper locomotive onto the rear
 
¯ ¯ - of an-eastbound train, Extra 7551 East, that was waiting in a siding at that
 

location for helper service through ~he Cajoa Pass.
 

" ¯ The helper engineer testified that he did not receive any information.

¯from either the head-end engineer or the dispatcher regarding the tonnage of

Extra 7551 East nor did he request that information. There was no SP
 

......... requirement that he be furn~shed_that__i~format,ion, He stated that he did
 
not normally operate over this territory and, ~herefore, did not keow if-it
 
was customary to receive that information. He stated further that for the
 
territory over which he normally operated, he usually received that
 
information, and that if he did not, he would request it.
 

.̄ Rov_ement_of Extr.a_75B! _East From l}baB~to .Hil_a_nd.--After the helper
 
¯ . .engineer radioed .the. head-end engineer and informed him that ~ helper


locomotive was.coupled onto the rear of Extra.7551 East, an airbrake-test was
 
performed; neither engineer noted any deficiencies in the operatio~ of the
 
brakes during the test. Upon receiving .a clear signal, Extra ~55! East
 
departed the siding at Ob~n. ..At-about. ~:3.0 ~m.., t~e. helper engineer
 

i0 The method for positiv~ty determining ~f dynamic Drakes are operating 

is by observing the amperage reading ~n each tocomot~ve un(~. See ~echanicmt 
Information for additiona( discuss{on. 
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train er.tered straight track, around I~P 477, the speed of the tra|n
increased;, and .the. engineer began Inc~aslng the brake pipe pressure 
red,ca|on. He.stated,-.,] kept ~altlng for It [the train] to settle do~ ....
~mS already, up to 20 pounds. ~ ! kne~ that ~as probably enou<Jh when that

..... train should start bogging [slo~ing] do~,.: According to t~he hea~-end
-..--....-.......... engineer,., he .then-~ent. to a full service reduction (26 psi). He stated

further, "~en ] ~ade a .full. service and it ~asn’t slo~Ing do~n, we realized
.... ........that...thls train wasn’t going to stop." About 7:30 .a.m., based on the 

descended the hill... The head-end engineer stated that ~hen he realized the .... 

" 
.re~dout of the event recorder, as the train speed reached 45 mph, th~ helper
engineer, without COl~inicating with the head-end engineer, placed the train " 

.. 
¯ 

brakes in elergency. /~cording to the helper engineer, he did not 
. Olmtc~te to .~he.: heed-end, engineer that ~,e w~s going to place the train
brahes in emergenc)’ because "at that point there might have been something
mng~ q).there ~l,the speed ~e ~ere going, corrective action had to be taken 
and so~n .... " ltefurther stited that he d~d not believe that cmmunication 
prior to.that time was .necessary because by observing the brake pipe gauge on 
the rear.end; he could tell that the head-e~d engineer ~as attesting to take
corrective action; ..According to the head-end engineer, after the helpe~ 
eng|aeer..placed-the train brakes into emergency, .he placed h|s brake valve i,
~lergency. and the tra|n then began to "surge." According to SP, 
]ncolottves are designed so that.. ~hen the .train brakes, are .. placed in
e~ergenc~, the.dynamic brakes are pneumattcall~ blocked out; both engineers. 

.... 
testified.that the~. ~re aware of this feature. The head-end e~ineer stated 
that ~hen th~ ~;~ain brakes ~ere placed:In em~rgenc~ he. believed there ~ere no 
longer.~ny options available for controlling the speed of the train .... 

’A ~otorist ~ho routtnel~ travels on a h~h~ay that para~]els the 
r~ilro~d-t~acks for So~e ’distance and normally sees trains at that time o~ 
the .morning testified that she oh:erred "...one tra;.n...going ~ ~ot faster
than some that I had normally see,~ before." The motorist, ~ho estimated 
the. h|ghwa.y was about 1/4. to I/2 mtl~ fro~ the tracks, also testified that 
the train was engulfedin ~hat she assumed to be smoke,--~hich she described
as light blue in color. The helper brakeman testified that after the helper 
eng-tiiee~_, placed .. the.. brakes in emergencT;,-:-he :o~.served. s~ke. coming from
underneath the train. The head-eed engineer also testified that ~hen he 
looked back over his train, he sa~ a "lot of smoke c-om|ng ~rom ~he train.." 

" The speed of Extra 7551 East continued to increase as the train

....... ¯tratn was not slo~ing, he Instructed the conductor to "get on the phone and
 
.... tell the~ ~e. got a ru,a~y train." According to a transcript of the

.-"dtspatcheres radio log; .at 7-33:Z1, an attempt ~as made to contact the Saugus
dispatcher but was not successful. At 7:33:48, the conductor contacted the 
assistant ,jeneral .yard ~aster at ttest Colton and infonaed hta, "~/e have a
. slight problem. I don’t kno~ If ~e can get thi-s train stopped. ~le’re co~ing
out .of Dike [HP 481]." The helper engineer testified that ~hen he overheard

¯ the .radio translission to the .~est Colton yard, he did not believe that the 
¯ ’ _. message conveyed the seriousness of the problem and that "1 got on there and 
.. ! called Ra~day I~ayday to clear the radio ~aves." He further stated that 

because, the train .speed ~as rapidly increasing, he positioned himself on the
-floor behind the control stand ~tth his back and head braced against the back 
panel a,,d h~s feet braced against the control stand. He stated that he had 
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off gas lines to the houses that were damaged in the derailment. According
 
to one of the gascompany employees, there were no fires associated with the
 
spilled fuel oil. or the broken gas lines,..
 

Emergency.Response to Train. Derailment 

The~ San Bernardino- County’s. 91] emergency number was called, about 
7:41 a,m, by a resident who reported that a train was off the tracks and into 
some houses,

The San Bernardino b~ttalion chief’s unit was the first fire department 
unit to arrive at the-derailment site about 7:48 a..m. The battalion chief 
stated thatin addition to observing the derailed-freight train and damaged 
houses, he_noted that a white powdery substance that had been dumped by the 
train when-it derailed was piled over the entire wreckage site. He stated 
further that he requested a hazardous materials unit to respond to the scene
 
becauseof the Unknown product being carried by the train, the leaking diesel
 
fuel .from the overturned locomotives~-even though there was no evidence of
 
fire--and the possibility of pipeline involvement.~2 The .battalion chief
 

_ stated that he was aware that a pipeline was in the area of the derailment
 
but was uncertain of its. location at that time.
 

_:.P~lice units began arriving also about 7:48 a.m. and began-setting up
 
road-blocks, evacuating-occupied houses, and handling .crowd control. An
 
estimated 63 persons -were ultimately evacuated" from 27 houses in the
 
immediate area of the derailment. As other fire companies arrived, they were
 
-placed.in strategic locations-around the accident site. About 7:55 a.m.,
 
fire department personnel began a house-to-house search for survivors. About
 
11 houses had been impacted by the derailing train. At that time, a canvass
 

ii~:’~ of the ne-ighborhood and ~esidents found that no one was reported as missing.
 
About 8:01 a.m., however, a parentreported that two children who resided at
 
2348 Dully Streetwere missing. A second search began and about 8:25 a.m.,.


:i: ~-- ~he first child -was. found dead; about__lQ:.IS ~.m.,~ the second child was also
i

.found dead. " .............. 

i~i 

.Meanwhile, about.8:05 a.m., the San Bernardino deputy fire chief arrived 
on scene, was advised of the situation by the battalion chief, and then 
assumed control of the emergency as incident commander. He stated that he 
approached representatives o~ Ca.~nev and SP, who had arrived on scene between 
8:30 a.m, and .9:00 a,m.-, and informed them that he was the incident commander 
in charge. He stated further that by the time-he had a~rived, the city’s 
joint response and mutual aid plan had been implemented a.s a result of the 
battalion chief’s initial, request for additional assistance. The incident 
commander subsequently established a co~aand post at the corner of Donal-d and_ 
Dully Streets. ~he deputy fire chief testified that all subsequent actions 
by Calnev and SP were coordiBated with. him. He further testified that 
because the product that was scattered over the derailment si-t~ had -been¯ 

transported in open top hopper cars,.he did not believe it was a "serious 
~. ~. 

;2 ~2 ~ l~-~h {~qu~d ~etroteum pipeline, operated by Cal~ev Pipe ~ine 

;.~. ~! Company, was bu.ri.ed in th-e. SP’s r~.g.ht-o.-f-w-a-y. 

.

~
 

~
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hazardous material." He was informed initially by SP personnel that the .
 
product was potash; later in the day he received a data sheet from the Office
 
of Emergency Services ~u~$) that identified the prcduct as s~ium carbonate.:
 

About 10:40 a.m., the search team was notified that a third person was
 
reported missing at 2326 Duffy Street. ~ecause of the totzl destruction of
 
the house and the unstablecondition of the train cars that were oiled up in
 
the area,-search and rescue efforts for the missing person at +hat location
 
were ¯delayed until heavy equipment could be brought in ~o ~ove some of the
 
-damaged structure ~nd trai~ c~rs.
 

Representatives from the California OES, which was notified of the
 
accident at 7:45 a.m., through the San Be~nardino County Conmunicatio~s
 
Center, arrived on scene about 9:15 a.m., reported to the-command post and
 
offered assistance. About 10:15 a.m., OES arranged for two sc~nting dogs
 
and their trainers to be flown from the San Francisco Bay are~. ~e dogs
 
their trainers arriv.~d about J:5~ p.m., and the trainers were briefed by the
 
incident commander about the. ongoing search and rescue efforts.
 

Meanwhile, about 2:00 p.m., SP began to set up bloc~ an~ tackle to
 
facilitate removal of train debris with a crane. These efforts were halted
 
bY .~he incident commander about 3:00 p.~., before debris ren~val b~gan,

because the incident commander and the OES believed that such efforts might
 
endanger rescue operations. The incident commander decided, ~nd SP and
 
Calnev representatives concurred, that nothing would be moved until the dogs
 
had completed a search of the area.
 

The dogs alerted rescuers at various times when t~ey sniffed the
 
vicinity .of the house at 2326 Duffy Street between 4:20 p.~. a,~ 9:00
 
Shortly after 9:00 p.m~,.the rescu~ workers ¯¯located a.hand projecting
 
through the debris at 2326 Ouffy Street. The surrounding area was
 
immediately stabilized. An opening was cleared by paramedics, ~bo sent down
 

--~xygen and took~vital signs of the tr~pped person. - With ~ge help of power- .........
 
tools,~the resident was eventually freed from the debris zbout 10:34 p.m.,
 
~hout 15 hours after the derailment.
 

About 11:20 p.m., a rescuer was alerted by a dog in the v~c~nity of the
 
third head-end locomotive unit. After removal of debris, ~e head-end
 
brakeman was found dead in that unit about 3:03 M~y 13. The do~s
 
L. i:~d until about midnight¯, examining all .afFected reside~es a~d portions
 
~ the¯train. By early morning on Saturday, May 13, the i~cide~t colander
 

~etermined that. all areas, had been adequately searched, there were no further
 
~oorts of missing per.sons0 and, consequently, search and rescue efforts

~re terminated.
 

Shortly after noon on May 13., before wreckage removal operations began,
 
SP bulldozers and hundreds of sandbags were used to build z dam at the
 
lowest end of the accident site. to help contain gasoline should Lhe
 
pipeline become compromised.
 

The San Bernardino Chapter of the American Red Cross.~nitially learned

of the tr-~n derailment on commercial radio about 8:43 a.~. At that time,
 



representatives of the .Red Cross responded to the scene where they ~et with
the tncidentcommander and were directed to prepare a shelter for 50 to 100 
persons. The Red. Cross Disaster Coordinator then contacted the Red Cross 
chapter office and requested additional personnel and-logistical support. A
temporary shelter was prepared at the local Job Corps building, ~ mobile
canteen/kitchen was .established at the accident site, and damage assessment 
teams were sent to the scene.. The Executive Director for the San Bernardino 
Chapter of the Red Cross stated-that they were equipped to handle the
emergency and that they received logistical support from the Los Angeles and 
the.Rlver;ide Chapters in the.form of a van, a canteen, and food supplies. 

Wre~.’:aTe ~learance/Plpeline Surveillance Operations
 
,.~,~.~ the Train Derailment 

~: ~=:~y~=~_)989.--When Calnev’s manager of engineering received information 
I~!..: ~=~a+-6ir,;... ~=~. ._ train derailment, he radioed Calnev’s Colton terminal, about 
~I;: 6. ~,’J :,,i!ls from the derailment site, and instructed .personnel a~ that 

lot~ti;; tu shut down the 14-inch pipeline immediately. At 8:30 a.m.,i:
~	 pumping operations were stopped,.leaving a residual pressure of ],128 psig at
 
Colton. The manager of engineering then notified Calnev’s manager of
~
 
.operations and the maintenance superintendent of the train derailment; all


i_. ~
 three individuals proceeded to the accident site to view the derailment and
 
~i; determine the potential impact to the pipeline. According to the manager of
 

!~.. ~ operations, when they. arrived at the derailment site, it was .obvious the
 
pipeline could have beendamaged because the p~peline was under a portion of
.... ~.
 
the:wreckage, .’...most .notably a locomotive that came to rest inverte~


~.
 directly over the pipeline" (figure 4). According to the manager of 
~. operations, their concern was that if the.locomotive had remained ~ntact, it 

¯ -il) Could possibly have protruded into the ground 8 to 10 feet, and they were

~
 

unsure at that.time of-the precise depth of the p~peline at that location.
 
il. ;~ According to Calnev personnel the derailment prevented Calnev from accessing
 
,. i: the pipeline and p~rforming any inspections of the pipeline in that location
 
~ ~.. at that time. Calnev’s activities during the morning of May 12, according to
 
: .T; the maintenance superintendent, were.confined to remaini=ig on site to make
 

sure that 	no actions occurred on the part of the railroad or other agencies
............ i.._.!!i
- that could further endang~ :the p.ipe~-ine.. However, Calnev wanted to.. reduce
 

.: further the pressure in the pipeline in the area of the derailment.
 
’. According to the maintenance superintendent, "What we ideally were going to
 

; .~	 accomplish was to remove all. of the product from the pipeline under the
 
derailment area. As events proceeded, it was determined that that was
 
unfeasible."
 

At 11:30 a.m., a foreman for Arizona Pipelin~ Company,~ permanently
 
assigned to work on Calnev projects, arrived on site to assist Calnev
 
personnel in reducing the pressure in the pipeline. The-initial plan was to
 
excavate the pipeline at a location 500 to 800 feet south of Highland Avenue
 
(south of the derailment site), install a fitting for the purpose of tapping
 

13 A contract ompany (rather than a p~peiine operating company, such as 

Carney) that speciatizes in the insta|taIion, maintenance, and repair of
 
underground [~nes.
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a hole Intc the pipeline, and withdraw product at that location. According 
to the Calnev maintenance superintendent, they were aware, by referring to 
company pipeline maps, that a check valve was installed in the pipeline 
immediately north (upstream) of the derailment site at pipeline milepost 
(MP) 6.g14 (figure 5). Calnev officials stated that they believed that
removal of product from the pipeline at the location south of Highland Avenue 
would cause the check valve to seat (close) thereby isolating the pipeline 
north of the check valve from the pipeline in the derailment area.- Further 
removal of product would then reduce the pressure in the pipeline in the 
derailment area. After excavating at the location south of Highland Avenue, 
Calnev officials determined that the location was not suitable for tapping 
the pipe because the pipe was buried in the ground at a depth of 14 feet and 
was inside a steel casing. Calnev officials then moved their activities to 
the Colton .terminal where, a Z-Inch fitting with a I I/4-inch opening ~as 
installed on the 14-inch pipeline, andthey subsequently began withdrawing 
product from the pipeline at that location. 

~ 

~ 
) 

;.-.~
i 

According to Calnev’s maintenance superintendent, after about 
barrels of product were removed from the pipeline (and loaded into a vacuum 
truck), the pressure was reduced about 60 psig at the Colton pu~p station 
iMP 0.0) and at Cajon Pass iMP 25.7).Is Because the pipeline pressure_had ._ 
been reduced by an equal amount on both sides of the check valve at MP 6.9, 
Calnev personnel .determined .that they had not. been successful in. seating
(closing) the check valve at that location and, consequently, had not been 
successful in isolating the pipeline in the. area of the.derailment. 
equal reduction in pressure also indicated that the.check valves at MP 14.9 

.. and MP 19.2 had not seated. ¯ .......... 

’ 

" " Believing that they .had been unable to withdraw product at a rate 
adequate to induce product backflow sufficient to fully seat the check 
valves, Calnev personnel installed a threaded fitting through the new opening 
and connected it with high pressure hoses in an attempt to withdraw product 
at a faster rate. According to. Calnev personnel, a second vacuum truck lo~d 
of product (120 barrels) was then withdrawn and comparable results were
observed--an equal reduction in pressure o{; both sides of the check valve at 
MP 6.9. As a result,-~Ca-lnev-kne~that .the check valve at MP 6.9 
closing. Calnev’s maintenance superintendent stated that he then recommended 
that additional pressure reduction could be achieved by closin~ the block 
valve at the Cajon Pass pump station. After the block valve was closed, a 
third vacuum truck load of product (IZO barrels) was withdrawn from the 
pipeline and a 200-psig reduction in pressure was achieved.- Once again, 
however, the pressure readings at the Cajon station and at the Colton station 

14 Witepost numbers for the piDetine do not co~ral~t.e w_ith the mitepost !. 

numbers for the r~i|road. 

1S The start.i .pre~_sure in the pipetine varies ~ith the etevation of 

{i~e. Therefore, the pressure reduct(on, rather than the pressure readJn~o 
was the cr(tica( observation at the t~o (ocations. 
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..|nd|catnd that the pressure had been reduced by equal a~ounts, wh|ch |¯ --. ~’~ .... tedicated to ..liner :.personnel that the check.valves-still had not seated.
¯ . "".~ " -: The 200:pstg. reducttnnalso Indicated that the remaining pressure on the line 

.was. due .to-the ~elght-of the liquid and,.is..the maintenance superintendent
¯ stated, "thet"addtttonal efforts ~o~ld-be. only. m|ntmally successful in 

. ... ’ " reducing, the..pressurei, it.the Highland Avenue location [derailment site],= 
because, backflov-sufflctent..to seat a ]4-inch check valve clapper could not 

.:i . .. ¯ -.he induced ..by wtthdr~ing product through a.] ]/4-inch opening. As a result, ; 
Calaev. suspended, icttvittesto reduce further the pressure on the pipeline, 

._ :.which at lO:O0 a.m.. on I~y 12~ was 800 pstg at-Colton, or about 50 percent of 
. . the maximum Ol)~rating .pressure established byCalnev..- Accordtn~ to Calnev’s
’ manager of operations, .Calnev did not at that ..time cons|tier th~ possibility 

¯ " "	 that the check, valvesmere malfuncttm, ing,i but believed that the check valves 
did not :- close . because ..of:.the inadequacy--of, the method used to inducei.. i . 

14eanvhtle~.. SP~sdivisionmechanica] .officer and other SP personnel had 
arrived onsite and ]n .:consultation with Calnev and the .incident coemander
began discussing plan$"for removal of the railroad equipment. According to 

.. .the division .mechanical officer, "the plan was to remove the cars and in no 
.. . . way affect.the pipeline.". The plan included cutting a breach (road) in the ....-.

¯ ratlroad levee through, which the railroad equipment would be moved to the 
/. ..........." .... other side of the_ track. .._Accord|ng to. the..S_an Bernardino Fire Department, and

. . .Calnev, $P.was. advised .that.. vhen the cars_were.to be _removed, all cars were
¯ - :.:- ¯ ....... to-be l t fted . and ; not .dragged over the p_~peline, .Calnev’s manager of

" .operations testified that he was aware of an. accident in...Hontclair, 
.;._.... : .Cal.ifornia,..i.nl .the latter., part‘_., of 1988, ..during which wreckage remeval 

operations possibly causedld~ge to a pipeline andthat he wanted to avoid a
.... repeat-ofsuch an tncidenL~ .... According to. Calnev’s manager of operations, he 

.... ¯ " ¯ did not discuss with.the: Fire Departmentor SP at that time what actions
:.. ... Calnev would take .to..inspect its p~peline after the cars vere removed. 

Search-and rescue operations continued until late in the evening on May 12, 

i.. : ’ ’:I~ and" efforts to lbegin.i:reaoval of " the-vreckage were delayed until the
¯ .following day. ..
L

:...~.~....... ..... ~~-~0n theY"morningof May 13, SP removed 50 to 75 feet of
 
.. track in preperation.for~making the breach (road) through the ra-ilroad levee
 
that/would be used.fnrremovir~_ the railroad, wreckage from the east side of
 

T.. .the track to the.west s(de~i-.. ~ccording to SP’s division mechanical officer,
 
.... ’".: .the. site ef the bre(:h.eas, detemined, by a break.in the distribution of
 

.. ¯ .. :. .:". " wecked cars on the .east-side-of. the track (figure 4) Once the breach hid
 
"":".~i.
: ~":".. been. made, .two lZ5~ton cranes- ~nd several bulldozers and front-end .loaders.
 

""~ ..".... came through ...the" breach.."fromthe west..side.of the track, crossed over the
 
.. ..... pipeline, and.were positioned at various points, around the wreckage (figures

.. : .:..... 6and 7). SP’s divisionmechanical officer testified that a lot of the trona
 

.... ."°that: had spill ed " from the" train -was used to-cover-theground and that with
 
¯
 ¯ " thetrona and the fill removed from the levee, there was about 6 to 7 feet of

T.....i- ..-cover. over the".noma] ~.level of the ground, in the area through which the
 

. ’."~ ..~ "equipment was .moved. At. the time the breach in the levee was made, the exact
 

t 
depth" of thepipeline belo~.natural.grade h~d not been detemined..During

... ": the-morning ofilay 12, Calnev personnel used a line locator and yello~ paint 
’. ..... :: " to markthe location of the- pipeline throughout the derailment area. Later 
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Figure 9."--Equipment used to rove cars to west side of track. 

necessary-on many,.:occasions to re-mark the loc~t.ion Of the piPeline with 
yellow paint. . As Calnev’s maintenance ..-superintend~t. testlfi~, 
"..Ltrona.-.was a very. light, loosely compacted material....once you made a 
mark on it; .it would take a very.small amount .of. activity by heavy equivalent 
to total!y erase that.mark." ~. 

¯ SP’s removal.of the wrecked cars, which .were spread over a large area 
and stacked two and three cars high at some locations, continued throughout 
the day. A Calnev representative was on-site to monitor the operations and
to keep S~ personnel aware of the location of the pipeline. The incident 



colander kept f|re engines and fom units on alert status with lines charcsed 
v~enever ¯ piece of ~kage was roved fro~ acrtttcal location over the
pipeline. Calnev’s mlntenance superintendent testified that tt was h~s
understanding that remval of the vreckuge u~uld pr~end during daylight
hours only. ~ SP continued their activities after dark, Calnev’s
mtntenance superintendent n~tifled his supervisor who then returned to the 
site. After the situation was discussed with the Incident coauancler and 
I~rSom~l,-tt uas-ugreed that operations would he discontinued. A~t~vtt~es
were halted about 11:00 p.u. that evening. The incident cmmander stated
that he believed the cooperation exhibited by both Calnev and SP
exceptional. 

I~Y_~a_~l~.--Removal of the rail cars resumd about 6:00 a.m. and 
continued throughout the d_~y. Again, a Ca]new representative uas on site to
uonltor the operations and keep .SP personnel aware of the location of the
pipeline. According to SP’s division, mchanlcal officer, the cars were
removed "...tn the runner tn which they had been stacked...ustng two hooks
with one crane. I~e picked them all straight up and then roved them out." He
further testified that none of ~he cars were dropped tn this process.
observed that debris including car co~ponents, axles, and pieces of
regained tn the area after the cars were rmmved; the visible debris was 
then also re~oved frou the site. A~cordt~ to Calnev’s uaintenance 
superintendent, It-appeared that the debris had not penetrated the natura~
ground cover. SP’s division uechantcal .officer testified that no contact
uIth the pipeline was observed during remval of the debris and "there was no
rail sticking tn the ground." Equ|.mnent operators ~rk|ng during the
clearing of the train cars stated that uany pieces of heavy construction a~d
excavation equtlment, Including frent-end loaders, cranes, and hulldozer~
uorked stuu]taneously throughout the derai]vent area. 

~ ]S and 16. 198g.--Idhen activity resumed on ~he uorning of Hay ]5, SP
began uaking preparations to uove the locmmttves; all rail cars had been
rmoved free the east side of the track. Calnev’s uatntenance superintendes~t 

__	 noted thatthe arena was scattered ~n varying depths throughout the-a~_ea
over the p!peltne to a point near, but not reaching, the engine (unit
SP 7S49) that lay lnver~ed over the pipeline near the toe of the
eubanlment. To remove the locoaotive units frou the east side to the 
side, SP personnel used ave cranes to lift each unit and place it in the
breach ~ere one of the cranes, vtth the help of a front-end loader,
the unit to the open. field on the vest side of the tracks. I~ach tree a
locomttve unit was roved, tt was necessary for one of the cranes to cr~ss
through the haul road over the ptpe]|ne. Calnev personnel ¯greed_that the
crane could cross over the pipeline tn this location. ¯1ney’s ua~ntenan~e
superintendent testified "! did not see any activity which I believed
daluaged the p|pel~ne. Any tt~e you are using large p~eces of excavating .type
equ~paent near a pipeline, you certainly have the potential for danger."
According to SP’s division vechantcal officer, who wasotn charge of the
weckage remval, he did not perfom or know of any calculat|ons that were
perforued to deterutne the stress tuposed on-the pipeline due to the weight 
of the cranes and the cars that were carried across it. 



When the locomotive that came to rest inverted over the pipeline was
removed by SP, Calnev personnel observed that the entire top of the 
locomotive had been sheared off and. that It had been resting at grade level. 
There. was nothing vlstble protruding into the ground. Calnev, however,
decided to excavate the portion of the pipeline that had been unde;- the 
locomotive. Using a backh~o equipped with a 24-inch bucket, Calnev personnel.
excavated an ar~a approximately 80 feet in length parallel to and about 
2 feet east of thu pipe to a depth about 4 inches lower than the depth of the 
pipe in the area. Pipe depth was reported to have been about 8 feet at the 
souther~ end of the excavated area and 6 ]/2 to 7 feet at the northern end.
Accord~.lg to Calnev personnel, the soil surrounding the pipe was removed by 
hand so that the pipe was exposed from the 6 o’clock position to the
2 o’clock posttlon facing south (see figure 4, excavation # 1). Calnev’s 
manager of operations testified that he personally entered the excavation,
inspected the pipe, and found no damage to the coating or to the pipe. 

Calnev officials then decided to excavate in an area north of the breach 
where, according to Calnev’s manager of operations, "...bulldozers had been 
repeatedly going off the end of the haul road"-(figure 4, excavation # 2). 
According to .the Arizona Pipe Line Company foreman, who performed the
excavation, about 1 foot of~ pipe length was exposed from the 1 o’clock to 
3 o~clock position looking north. When asked if any.damage to the coating or
pipe was noted,the foreman replied, "Couldn’t really tell by a visual look,
and we didn’t bother exposing anymore due to our objective was to determine 
depth and alignment of the pipeline at that time." The depth of the pipe at 
this location.was determined to be about 7 feet. With respect to the depth 
of the pipe, Calnev’s manager of operations testified, "...it was sufficient
 
to where I was no longer concerned about any damage from the bulldozer
 
activity."
 

By late afternoon on May 15, the wreckage had been removed and SP began
 
to demolish the houses that had been damaged during the derailment. .SP
 _.
 
planned to close the breach that evening, relay their tracks, and begin
 
removing_the trona on the...fo)Jow)ng day, May 16.. " According to Calnev

officials, it was at this poin~ that they began to formulate the n~t--~tep ~f-
their inspection plan. £alnev understood that if SP began removing the
 
trona on Tuesday, inspection of the pipeline would be delayed until the trona
 
removal was completed, According to Calnev’s manager of operations, "At that
 
point, we were still unsure of the integrity of the pipeline. It.was still

in a stable situation. It had not lost any pressure nor were there any signs 
of leakage. But yet we could not verify the integrity of the pipeline before 
then." £alnev’s plan was to move in additional equipment, remove all of the
trona over the pipeline down to native soil, and excavate and inspect the
pipeline at any location where debris was found and appeared to have 
penetrated the native soil. According to Calnev officials, by.removing the 
trona from over the pipeline, SPpersonnel would not have to work directly
over the pipeline when they began hauling away the trona on the following 
day. According to Ca]ney’s manager of operations, this plan was discussed 
with SP officials and the incident commander, and no recommendations or 
modifications to the plan were suggested. 



            

¯ Using a John Deere 6gOB excavator and working from south to north,
 
Calnev began m~klng a path about S feet wide through the trona beginning at a
 
point near. ~here the loco~tlve .ca~e to rest inverted over the pipeline
 
(figure 4)- A¢cnrdlng to Calnev’s maintenance superintendent, the excavator
 
was followed by a frent-end loader to complete the removal of the trona. He
 
further testified that a ofew inches of natural soil was reaved and that as
 
much aScii.to 16 inches mk~y have been removed at any one point, but that he
 
still believed that he had plenty of cover over the pipeline.
 

In. maklngtheB-foot-wlde path, Calnev piled the trona that was removed
 
fro~ over the pipeline to the ~dst of the pipeline at a distance, estl~ted
 
by Calnev’s manager.¢f operations, to haw been 2 to 4 feet.- He testified,
 
however, that "we found that the trench [path] did not place the pipeline
 
right.in the middle, lhere was an area where the pipeline kind of hugged the
 
sideof the trench [path], soit [pile of trona] could have been as close as
 
I-feet in that area."
 

’-Calnev’s maintenance superintendent, who supervisedthe trona removal
activity ~from about 8:00 p.m., on May 15, to about 4:00 a.m., on Ray 16, 
.testifted~that several pieces of debris, including portions of truck
assemblies [from a train car] and two pieces of rail--one about 3 feet in 
lengths, and o~eabout 10 feet- in length:-were found during--romoval of the 
Crone. He further testified that-while he was supervising the removal of the
Crone, two excavations of the pipeltne were performed where debris had been 
found atnatural grade level. He stated that he could not be specific about 
the locations but estimated that the first excavation was near the north edge 
~f 1ot77 and that the second excavation was between lot 77. and lot 76 
(figure 4, excavations # 3 and 4). For both excavations, the depth and the
alignment of the pipe were determined by digging with hand shovels. A Case 
580C backhoe was then used to excavate on the east side (Duffy street side) 
of the pipeline. According to the maintenance superintendent, no daaage to .. 
the coatingor the pipe was observed. 

SP. personnel had positioned ligh~~ on th~ railroad levee. According to
 
Caln~v’s maintenance superintendent, even though the lighting cast shadows
 
~n the excavated area from west to east, ]ighting uas not an issue in

determining ~hether the pipeline had been damaged or in evaluating the depth
 
of cover over the line. Hestated, "I was comfortable with the level of
 
ltghting;,,and I spent a considerable amount of time in the trench close]y

observing .the excavation.~ He a]so testified that it would have been
 
possible to detect the difference between hitting debris with the backhoe and

hitting the pipeline with the backhoe. "...it uas never a concern of mine
 
that we were going to hit the pipe]ine with the backhoe because we were

¯ onitoring the depth of cover over the pipeline. ~e ~ere not excavating-in
 
an area such that we ~ou]d be getting close enough to the pipeline to hit
 
it."
 



In addition to the two excavations, the pipeline was potholed16 at 
several other locations. At one location where the pipeline was potho]ed, a
truck assembly [rail car] was found to have penetrated the natural soil. 
Coiner’s.maintenance superintendent marked this location and later advised 

._ Calnev’s manager of operations of the need to perform a more thorough
tn))ection of the plpel(ne at that lo~atton. By 4:00 a.m., on Hay 16, the 
path-through the trona had.extended north 300 to .400 feet to a point where 
the b~ach in the levee had been ~ade. 

The-deFuty fire chief, testified that when he te~n-inated his role as 
incident coam, ander around 10:00 p.m.. on Hay 15, Calnev’s manager of 
operations assured him.that the pipeline was safe to operate. 

cainev’s manager-, of operations, who relieved the maintenance 
superintendent.about. 4:00a.m. on May 16, supervised the. remainoer of the 
irene removal from over the pipeline. A foreman for Arizona Pipe Line
Company arrived on site about 6:00 a.m. and relieved the backhoe operator who 
had worked through, the. night. According to Calnev’s manager of operations,
two additional excavations of the pipeline were performed; he estimated the
first excavation to be near the middle of lot 76 (figure 4, excavation
where the maintenance superintendent earlier had found a truck assembly, and 
the secondlocation to-be-near the northern edge of-lot 75 (figure 4,
excavation #6).- At both locations, the excavation was performed on the west 
side Of the pipeline, a. 20- to 25-foot section of the pipe was exposed from
the 6 o’clock position to the 2 o’clock position looking north, and no damage 
to either the coating or the pipe was observed by Calnev personnel. The
depth of pipe was. determined to have been about 4 feet at the first location 
and 5 feet at the second location. 

According to the testimony of Calnev officials and the backhoe(.t... operators, all the excavations were ianediately backfilled after the coating 
[. and pipe ~ere inspected for damage. Further testimony indicated that about . 
) ’ " -- ._6 inches of debri~free native soi]__.WouJd be used to manually ccver the.
! pipeline before the backhoe was used to fill the remainoer of t~+- ............
i excavations, and that compaction of the soil was accomplished by "~heel
" rolling" rather than by use of the backhoe bucket. 

i	 Beginning about 10:30 a.m. on May 16, Calnev began performing soft dig 
~	 excavations~7 of the pipeline about every SO feet throughout the derailment
)	 area At each location, an 8-foot-tall stake marked at 1-foot intervals was 

placed on top of the pipe, the top of the stake was surveyed to determine itsi 

16 ACcording to the Arlzone Pipe Line ¢o~pany employee operating the 
backPoe, a|l potholes ~ere dug manually using shovels. According to Calnev~s 

i 
¯ atntenance superintendent, WThe primary function of a pothole is to
 
determine the depth end location of the pipeline. An excavation ~outd be a
 
Larger hole, a more complete excavation Mhere you are’actuaLly attempting to 
visuaLLy ascertain the condition of the pipe|ine.

17 A process by which vsc~um+type excavation equipment makes about a. 

1-foot-diameter hole fro~ ground |eve| to the top of the pipeline. 



elevation, and the hole was backfilled. Calnev personn~l testified that ~s a 
result of these soft dig excavations, the pipe was exposed from the 
10 o’clock position to the Z o’clock position at each soft dig excavation and 
that before the holes were backfil]ed, the pipe was inspected fGr damage; no 
damage was observed at any of these locations. According to Calnev, the 
purpose of the stakes was to provide information to SP regarding the locaiion 
and depth of the pipeline when SP began removing the trona from the 
derailmep~ site. SP was advised by Calnev to preserve the stakes until all 
grading of the area was completed. Calnev’s manager of operation~ obser(ed, 
based on the placement of the stakes, that the pipeline depth below natural 
ground.varied from 4 to 8 feet through the derailment area. 

Calnev’s manager of operations testified, "On Tuesday, the 16th, we .d 
by then accom{lished full trenching [8-foot-wide path] over the top of the
 
pipeline in the affected area. We had removed or had caused to remove any
 
debris that we had found. We had investigated every area that debris had
 
penetrated the native soil .... Based on that assessment...my opinion w~s
 
that the pipe had not been damaged by the train derailment." Clearance was
 
given at 11:28 a.m. -by Calnev for the restart of the pipeline; operations
 
wer~ resumed about noon on Tuesday, May 16. The pressure was initially
 
increased to about 1,200 psig, at which point, according to Calnev’s manager
 
.of operations, the dispatcher on duty watched for signs of loss of pressure
 
in the system.. The pressure held constant for about 15 minute~ ~fter ~hich
 
the pipeline was brought up to normal operating pressure (about 1,600 psig)
 
and regular operations were resumed.
 

The Safety Board received conflicting testimony regarding a request to 
expose completely the pipeline prior to resuming operations. The incident 
con~nander (San Rernardino deputy fire chief) testified he requested that 
Ca}nov ful.ly expose the pipeline in the derailment area. According to 
Calnev’s manager of operations, such a request was not made by either the 
San Bernardino fire department or the SP. He did state that several options 
had~bee~ considered, including the use o~.._._an_ in~ernal electromagnetic 
_inspection instrument for detecting defects in the pipe wall a~d a 
hydrostatic test of the pipeline. He stated further that it would not have 
been practical to run the inspection instrument through the line because 
"...the line would have had to have been brought up to full operating 
pressure and operated in that state for about 5 days to push [the 
instrument] through to the other, end., He elaborated that because of the 
mountains between Colton and Las Vegas [the end of the line], it would be 
{~ecessary to operate .at full pressure just to get the instrument over the 
(.~ountains. Calnev’s manager of operations also stated that, "[A) hydrostatic 
test would have been performed had there been some doubt as to the integrity 
of the pipeline. We found no reason to doubt the integrity of the pipelin{ 
upon completion of our inspection and did not perform a hydrostatic test." 

SP contracted with the International Techhology Corporation (IT) to have
 
the trona removed from the derailment site;, removal of the trona began
 
during the afternoon of May 16. According to the project manager for IT,
 
cleanup of the trona began in the area closest to Duffy Street and then
 
continued through the derailment area from south to north. Equipment
 
operators testified that to remove the trona that had been piled east of the
 



                                           

pipeline as a result of the B-foot-wide path that had be~n maOe through the
 
trona, the operator of a front-end loader would reach over the pile of trona
 
with the bucket of the loader and drag the material back toward Duffy Street
 
where the trona could then be loaded into trucks. Accordir~ to the IT
 
project manager, the front-end loader worked perpendicular to the eipeline
 
during this operation.
 

At 4:00 p.m. on May 16, SP opened its line to resu=e train movements
 
through the area. 

Max ]7, 18, an~ Ig, 198g.--Removal of the trona continued throughout the
 
day on May 17 and IB. Because trona contrasts with the c~lor of the native
 
soil, operators of the equipment were told by IT to visually inspect the area
 
to assure that they had removed all of the trona and aboutthe, top 2 ~nches
 
of native soil. On May 18, a track-mounted (crawler t~pe) ~xcavator was
 
brought to the site to begin removing the tro~a from the railroa~ embankment.
 
The excavator was positioned east of the pipeline with the tracks parallel to
 
the pipeline. A smooth steel.grading blade was wel~ed to the teeth on the
 
bucket of the excavator. The blad~ enabled the operatorto dr~g trona that
 
was covering the railroad embankment without removing excessiYe amounts of
 
material and to leave behind a smoothly graded surface. Testi~mny by
 
equipment operators in the area at this time indicated that the operator of
 
the excavator would drag the trona down the side of the railroad embankment
 
and across.the-pipeline to the east side where front-end %oaders would picx
 
up the trona and load the trucks. However, according to IT’s project
 
manager, the operator of .the excavator would drag the trc~ down the
 
embankment and build a stockpile of trona on the west side of the pipeline.
 
At that point, a front-end loader would come in, keeping the tires on the
 
east side of the pipeline, scoop up the material, and then back up to a point
 
where the material could be loaded into trucks. Testiaony by equipment
 
operators further indicated that the smooth-edged blade welded to the teeth
 
on the bucket of the excavator broke off several times and that the equipment
 
cont~tnued_to be operated_wLthout the smooth-edged_blade. According to ll’s
 
project manager, the excavator made two "passes" on the e~bankn~nt.: one pass
 
from south to north and one from north to south.
 

By early afternoon on May 19, 1989, all the trona had be~n remo,’ed end
 
the fencing of the area that began during the morning was uo~pleted. The
 
last piece of equipment used for the cleanup operations, a motor grader, was
 
brought to the site to smooth out .the surface and to remove tire tracks.
 
After this operation was completed at 6:00 p.m., locks were plz;ed on the two
 
20-foot-wide gates that were installed with :he f~nce, and the area was
 
secured. According to SP’s contractor, no equipment was used in the area
 
after May 19, 1989.
 

IT’s project manager testified that when he left the site op May 19, he~
 
believed that there were 2 to 3 feet of ground cover over the ptpelin¢.. When
 
asked, "Could it have been your work that removed that cover f~om the 4 to
 
B-foot level down to the 2 to 3-foot level?" He ropli~d, "Yes.=
 

According to Calnev, a Calnev representative was or site through May 19,
 
during the removal of the trona, to observe £he operations, to point, out
 



  

h~
 potentially dangerous situations to the ¯railroad and its contractor, and to
¯
 
make certain that the stakes that had earlier been located over the pipeline


¯
:..	 remained in place. No concern was voiced by Calnev during the removal 
process, 

Events Preceding the Pipeline Rupture 
,

Calnev’s dispatch center at the Colton Pump Station is equipped with a 
monitoring system that scans and records, among other system parameters, 
pipeline pressures. When normal operations resumed on May 16, the pipeline 
pressure had increased to 1,667 psig. Between May 16 and May 23, the 
pipeline was operated at pressures ranging between ],690 and 1,060 psig 
(normal operating ranges established by Calnev) and was subjected to various 
pressure changes during this time. Operations during the next couple of daysi showed only smooth pressure transitions until about 8:05 a.m.~a on Hay 25,
 
1989. 

Ptpeltne Rupture 

P~peline O~rations on Na~ 25. ].98g.--During the early hours of May
 
1989, the three 1,000-horsepower (hp) mainline pumps at the Colton Terminal
 
were operating at maximu~ output (2,300 to 2,400 barrels per hour)~ and the
 
pressure on the pipeline was relatively constant at 1,620 psig. About
 
4:03 a.m., with the completion of a product delivery at Daggett (see figure
 
]),.a gradual increase, in pressure to ],680 psig occurred¯over an interval of
 
about ]l minutes at which time the pressure decreased¯within 5 minutes to
 
1,669 psig. The pressure then remained relatively constant until 8:05. a.m.
 

At 8:05:25, based on a readout of the information recorded by the
 
monitoring system, a low suction pressure (15.188 psig) alarmi~ and a low
 
discharge pressure (257.644 psig) alarm were received in the dispatch center
 
at Col[on Pump Station on Calnev’s computer system. At 8:05:38, the three
 
1,000-hp mainline pumps were shut down by the computer system. At 8:05:)9,
 
the dispatcher acknowledgedzo the alarms. Accor~ing to testimony of the
 
dispatcher on duty at the time, when changes in operating conditions occur:


¯	 (I-) an audible alarm will be sounded~---~2) t,he~ord."alarm" will appear and
.~ - ....

- flash at the top of the dispatcher’s computer¯ terminal screen, and
 
~. (3) information regarding the specific condition (in thi.s case, "low suction
 

pressure" and "low discharge pressure’) will be highlighted in a particular
 

18 The monitoring system at the CoL[on Terminal scans various pipeline 
psrameters, including pipeline pressure, at 1]*second intervals. Thus, an 
event (in this case, ¯ pressure reading) may have occurred up t.o 13 seconds 
eartier than the recorded time(and the time cited in the discussion). 

¯ 19 According to Carney snd OP$ of 4iciats, the word "aLarm" in the 
~.

pipeline industry is not used to denote an emergency situation, but rather a
 
change in operating eonditi.~ns.
 

20 The dispatcher acknowledges the alarm by pressing a key on his¯
 
computer terminal keyboard.
 



  

  

color and continue to flash until acknowledged by the dispatcher. Testimony 
further indicated that if ~ore than one condition occurs on the sa~e page 
[screen], the word "alarm" and the audible alarm are terminated by one stroke
 
on the computer keyboard.
 

The dispatcher testified that he noticed on his terminal screen flashing
 
lights indicating that the pumps were shutting down and that he had a "low
 
suction pressure" color alarm (blue). He did not notice the "low discharge
 
pressure" color alarm (blue) on the same page. The dispatcher stated that he
 
believed that the pu~Kos had shut down as a result of a low liquid level in
 
the storage tan~ from which he was pureeing. He was aware that a similar

situation had been experienced by the dispatcher whom he relieved, ~nd the 
punts were eventually restarted. According to the dispatcher, the normal
procedure for the condition of a low liquid level in a storage tank is to 
restart the pumps after the suction pressure again returns to non=a1.
According .to the dispatcher, no~aal suction pressure is between 26 and 
50 psig. The suction pressure rose to 37.]429 psig, and at 8:06:02, the
dispatcher commanded the restart of the lO0-hp booster pump. At 8:06:]], the 
command was acknowledged by the computer. At 8:06:22, the computer reported
the status of the booster pumpzl as "off." 

At 8:06:53, the dispatcher again commanded the computer to start the 
booster pump, and at 8:06:57, the command was acknowledged. Operating
 
parameters were automatically checked and found satisfactory, and the system
 
attempted to restart mainline pumps Nos. Z and 3. At B:07:09, the computer

acknowledged the command. At 8:07:10, another low suction pressure 
(17.2932 psig) alar~ was given to the dispatcher-who knowledged the alar:, 
and at 8:07:22, mainline pump No. 2 registered status "off," as did mainline
 
pump No. 3 at 8:07:23. Also, at 8:07:23, the suction pressure was
 
46.1654 psig and at 8:07:55, the booster pump reported status "off."
 

At 8:08:]0, the dispatcher acknowledged the _shutdown alarms and again
 
commanded the start of the booster pump. At 8:08:1B, the booster pump
 
acknowledged the command and at 8:08:19, pump No. 3 acknowledged the command.
 

........
At Bi08:20, a low suction pressure~O.-gOZ3~i-g)-alarm was provided to the
 
dispatcher. Pump No. 3 reported status "off" at 8:08:32, at which time.
 
suction pressure was recorded as 90.9774. At 8:09:15, the booster pump
 
reported status "off." At 8:09:18, the shutdown was acknowledged by the
 
dispatcher. The dispatcher stated that because he was not successful in
 
restarting the pumps, he left his station to request assistance from another
 
dispatcher who was on duty as a supervisor at the time and located down a 
hallway from the dispatch center. The supervisor acknowledged the request. 

While returning to his dispatch area, the dispatcher encountered the
senior systems specialist and asked him if he knew of any reason why the
pumps would not come back on. The dispatcher stated that the systems 
specialist advised him to "pinch down" on the station control valve to bring 

21 A small cspa©ity pulp i©tiveted first to bring the pressure up 

to prevent surging When the mlintine pusps are activated. 



  

                             

the puapson slo~ly. The dispatcher stated that ~s he ~as doing this, they
received a phone call from the San Bernardino County Co~untcation Center
asking if Calnev’s pipeline was Involved in a fire. The systems specialist
then observed through a station ~indo~ a cloud of s~ke ~n the.d~rec~on
the pipeline route through San Berna~ino, advised the caller that tt likely 
~as Calnev’s p~peline, and then instructed the dispatcher to leave the pumps 

After notifying Calnev locations currently taking delivery of pr~ucts

at Las Vegas, Nevada, that the pipeline was ~i~ shut do~, the dispatcher
began remotely closing valves to isolate the pu~s and the storage tanks
the pipeline. In addition to closing the valvas at the temtnal, he shut
do~ the Baker ~oster p~ station at MP 146.Z. After the p~ssure sensor
indicated ze~ psig pressu~ at the s=it of Cajon Pass, the dispatcher
r~tely-clos~-t~ valve at Caltfo~ta aqu~uct iMP 35.4) ~t~E is l~at~
on the north staleof Cajon Pass. He also stated that notification ~as =ado
to personnel-~o had to close other valves mnually. .The first d~stre~
valve that had to ~ clos~ ~nually was .l~ated at MP Z5.7; the ~intenance 
supe~isor ~port~ that this valve was c~os~ at 9:00 

UitneT)es’ ~e~att~S.--A ~sident at Z395 ~. Adds Street stat~ that 
she ~as in her bac~a~ ~t~n 7:45 a.e..and 8:00 a.m. and notic~ a "~ite
color~ rain" falling on the house.~hind hers on OuFfy Street.. She further
stat~, that after she went back inside her _house, she heard an explosion and
"then her. wind,s bl~ in" .a~ the .entt~--house ~as on ft~..~ ~other
resident -at. E446 5an ~ntto .St~et -stit~ that he was .outside. a~u~ 
8:00 a.m. on May ZS, hea~ a train go by, .and about 5 to 10 minutes later
heard a "rumble.’ He stat~ that he then look~ up and saw a "cloud of fl~ 
about four houses wide c~ over the houses.:.the flame ~as a~ut ]0 feet
higher thanthe ~rooftops" (ft~u~-10). ¯ Several ~itnesses stat~ that they
saw a white vapor and then bea~ a loud explosion; this was Foll~ by black
smoke and intense heat and flus. A resident at Z385 Mesa Street recall~ 
that a friend, ~o had a~tv~ at her residence to transport her children
to school, "pointedto a spr~ vapor shooting up into tho s~," that was
coming from the direction of ktare the train h).d derailS. A mtorist, 

Avenue, stated that he. hea~ a "r~le,= then sa~ ~at appear~ to be
"geyser= of liquid shooting up tn the-.air near the site of the train
derail~nt... He stat~ further that within a few ~nts "it expired." In 
addition to. the ~stdent on San ~ntto Street, several residents recall~
hearinga train pass by 5 to lO minutes ~fore the explosion; ~stdents also
recalled ~l~tng gas ~fo~ the exp~o;ton.. Two residents, one at Z3~7 ~ffy
Street. and. one at Z315 ~ffy.St~t, ~: fatally burned as a result of the
explosion and ftre~ .:. ~ " - .... 

~ May 25, 1989, at a~ut 8:00 a.m.,..a fireft~hter leaving his assign~ 
¯ fire station on Highland Avenue nottc~ a la~e col~ of black ~ke In line
~ith Highland Avenue, a~ut Z. miles fr~ his location. He retu~ to the 
fire station and notified .the battalion chief. 





          

  

The battalion chief, in turn, notified his dispatch office about 
8:08 a.m. and requested fire departaent personnel and equtp=ent to respond to 
Highland and Dully Streets. En r~ute to the. site, the battalion chief 
observed f-limes and black smoke rising straight up in the air with no
~pparent u~nd. He arrived on-scene about 8:13 a.m. Hutual atd agreements 
were activated when the dispatch center was notified of the accident. As 
emergency response units and fire department personne] and equipment fro~
adjacent Jurisdictions arrived on scene, the battalion chief positioned them
around the involved area. He had surveyed the accident area and determined 
that seven houses were fully engulfed in fire. and that two houses were 
portlally on fire. Being concerned with the do~ned power lines and the
possibility of ruptured residential gas lines, the battalion chief requested
the uttltty o~anies to shut down their respective lines. He also reouested 
the water departmnt to assist in building dikes to prevent the product from 
floutng into surrounding areas. ,lhe battalion chief ordered an evacuation of 
residents in the area; police personnel eventually evacuated about
persons in a four-block area..According to the deputy fire chief, because of 
fuel. reeaintng on the ground, some residents were unable .to return
permanently to the area until August 6, 1989. 

At 8:30 a.m., the deputy fire chief, ~ho had been the incident c~ander 
during the response to the train derailment, arrived on scene and assu~ed the
role of incident co~ander for this accident. By the time he arrived, fire-
fighting operations and treatment and transportation of the injured to local 
hospitals had begun. At 10:05 a.m., a comeand post was set up at 2359 Rosa
Street. According to testimony of the deputy fire chief, the mutual aid-
e~rgency response plan was t~le~nted as planned. Although the deputy fire " 
chief’s role as incident commander ended on Hay 28, fire department personne] .... 
and equipment re~ained on scene as a safety ~easure unti] Hay 31, 1989. 

pipeline Surveillance Operations 

After Ca]ney’s maintenance superintendent observed the fire from his 
office windo~ shortly after 8:00 a.m., he i~ediately notified the manager of 
operations ~ho, along with other company personne], proceeded to the accident
site. Upon arrival, at the accident site, the ma_n_age_r_ of.~eratiens 
introduced himself to the incident commander and was directed by the incident ’
commander to fly with a police officer in a helicopter to observe the fire. 
Calnev’s ~anager of operations stated that while in the air, he observed a 
large strea~ of flaming liquid exiting the ground eastward at an angle of
about 60 degrees from the horizonta]. He stated that he observed substantia] 
fire damage ~n the direction of the burning strea~ of liquid, a small pool of 
liquid burning around the rupture, and a small grass fire burning south of 
Highland Avenue. ~he manager of operations stated tha~ he then advised the
incident co¢~aander to allow the fire to burn itself out. According to the
incident co=Bander, the fire burned out by 3:30 p.m.. on Hay 25. 

According to Calnev’s manager of operations, when the f~re was out, the
 
rupture site was inspected and the damaged °pipe examined (the da~ge is
 
described in the section "Damage," "Damage to the Pipeline’). At least four

pieces of railroad debris--a brake am, an approximate]y 8-inch section of
 
I-beam fro~ a locomotive, a piece of ~etal co~ling from a locolotive, and a
 



short section of ra.tl--w~ro found near the rupture. The brake am ~d .the
rat1. section iere about 2 to 3 feet in length. The brake am was found
8 1riches ~above the ptpeltne a~d-the other parts tore within Z feet of the
pipeline.-..-~ Testimonyby Calnev’s manager of operations and by equtiment
operators uho.had uorked at. the site folloutng the derailuent indicates that 
the depth of cover they obs.erved over the ptpeltne at its point of r~ture
was fra~ 2 to 2 ]/2 feet, ~hereas the depth of cover they had observed after
couplettng ~ork, folloltng the train deratluent, was from  ]/2-to 6 feet.
Calnev’s manager of operations testified that the location of the rupture was
very near .tf -not-at the exact locatton uhere the excavation t5 had been
perfomed across from the mtddle of lot 76 (figure 4). 

According to Calnev’s manager of operations, Calnev’s plan to repair the 
ptpeltne .after the rupture and place it back in service evolved over many
days ".-~.durtng ihtchmany discussions uere bold with many interested parttes
as toho~ best to return that p|peltne tu ~ervi~e [and] uake the tel)airs
necessary.’. Calnev’s maintenance superintendent testified that ~heu the
ptpeltne rupture occurred, he notified the National Response Center, the
Cal|fornia Office of IEuergency Services, the California State Fire Iqarshal’s
Office, and the Underground Service Alert System. Representatives frou these
agencies, as well as an engineer from the U.S. Office of Pipeline Safety 

_. (OPS), respondee to the accident site. 

On May 26, 1989, OPS issued a Hazardous Facility Order, CPF No. 5987-H° toCalnev (appendixlE).- This Order included preliminary findS_rigs, among .
others, that the ptpeltne within the area of the derailment had not been
completely exposed and visually exauined for damage, that the structural 
integrity of the portion of the .pipeline potentially affected by the
derailment had not been ascertained by (:alnev, and that Calnev hid not
deteriined ~f there had been damage to the pipe coating as a result of the
cleanup operations. OPS required Calnev to expose the pipeline arouid
circuuference for the length of pipe bet,een a point SO feet north of the
casing beneath Highland Avenue and the south end of the levee adjacent to the
check valve, at 14P 6.9, to conduct a thorough visual inspection of the ezposed
pipe to locate any damage to the pipe or to its coating and make approgrtate

....... repairs, and ~n-accordance with applicable requirement~-~.f-.~4.9 CFR~art 195, 
to hydrostatically test to 1.25 tl~es its maximum operating pressure the pipe
located between a point 100 yards south of the check valve on the downstream
side of :he derailment ~mpact area and a point 200 ~ards upstream of the road
crossing at Highland Avenue. 

On Iqay 30, 1989, based on its preliminary findings, OPS found that 
placed, into service under the sane circumstances as existed after the
rupture, that portion of Responde~t’s [Calnev’s] pipeline sub~ect to the
.required corrective actions prescribed Ion May 26, 1989] would be hazardous
to life and property." Consequently, as a resu~.t of conversations with
Calnev, the OPS Order.was amended to require excavation of the pJpelt-ne
located between a point 10 feet north (dounstream) of the casing beneath
Highland Avenue and the south (upstream} rise of the Muscoy Levee, that the
excavated pipe be visually ~nspected to determine any damage to the pipe or
tts coating, that the pipe be repiaced with new pipe, that a block valve be
installed between the check valve and the Iquscoy Levee, that the new pipe be 
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tested as prevtous|y requtred of the existing pipe, and that a]) activities
be perforled in accordance with applicable requtre~nts of 49 CFR Part 195.
The revised Order also stipulated that OPS ~ould review and approve Calnev’s
h.vdrostattc testtng and inspection program, that OPS ~ould monitor .the test,
~KI that the ptpellne could not be returned to service until O~ had
deterllned that all required actions had been successfully completed. 

By letter ofv’une 6, 1989, Calnev requested relief from the requir~ents
of the Order because tt discovered that a bend in the pipe made it
tlpracttcal to tie into the ne~ pipe 10 feet north of the H|ghland Avenue
casing, the location requtred by the mended Order.- As there was no apparent
dmage to the ptpe at that location and because the line ~ould be
hydrostatically tested before returning it to service, on June 6, 1989, the
01~ ngaln a~ended the Orderto a11o~ the tie-in to be rode at a locattm
detemtned acc~table by Calnev ~l concurred with by a representative of
the OPS so long as the tie-in was made between the point ~0 feet north of the
Highland Avenue casing and a point about :3S to 40 feet north of the casing. 

About 600 feet of the pipeline through .the are~ of the prevto~s
derailment ~as removed and replaced. The ptpel|ne was refilled with product
on June 9, 1989. Nore than 9,400 barrels of product ~ere required to reft11
the pipeline. A nile of p|peltne of the size installed will hold 917.69
barre~s of ~roduct, based on tnfomation provided by Calnev. 

..Tr~tn Deratllent - pipeline Rpoturg ¯ 
Injuries Extra 7551 East Residents Residents F~refighters Othersz~ Tota~ 
Fatal 2 2 2 0 0 6 
Serious ! 1 :3 0 ! 6 
Minor 2 0 16 ! 4 23 

Total 7 3 21 l 5 37 ’ 

.Damages 

Tra!!! ~ra~luent.--Flve locomotive units and the entire constst of 69
 
hoppers cars were completely destroyed as a result ~f the derailment; the

rear-end locomotive was extensively damaged. About 68C~ feet of track were

destroyed by the deratl|ng locomotive units and cars.
 

Following the-derailment, a building inspector from the City of
San Bernardtno Department-of Building and Safety inspected the houses that
incurred damages as a result of the derailment. The inspector’s assessue~t , 
of dmeges is listed in Appendix F. The inspector recommended that dwellings
at 2:314 Dully Street through 2382 Dully Street be demolished ilediately
(figure ll}. 

These peraons uere involved in a traffic accident tlh~ia attewptln| to 

avoid tka fire causecl by the pipetlne exptosion. 



Ftgu~e 11.--Damages to residences. 
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Figure 13.--Section of pipe removed from rupture area~ 

Figure ]4.--Section of pipe containing the point of rupture. 
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The rupture was about 29 inches long and, with respect to the
 
~ircumference, was located about 5 inches to the east of the top of the pipe
 
as installed (about the 1:30 o’clock position looking north). The electric
 
resistance welded seam was located about at the top of the pipe.
 
Examination of the area indicated that there was plastic deformation
 
(bulging of the pipe) associated with the rupture and that the rupture
 
produced a ,fish mouth" type openlng-of about 4.2 inches at its widest point
 
(see figure 14). There was no apparent visual evidence of pipe material or
 
manufacturingdeficiencies.
 

Plastic dofcrmation (denting) was present in the area of the rupture.
 
The primary "dent~ extended approximately 27 inches longitudinally along the
 
top portion of the pipe;.the dent angled slightly from the longitudinal axis
 
of the pipe. The primary dent began at a point 20 inches northwest of the
 
rupture point and extended to a point° 7 inches ¯southwest of the rupture
 
point. The primary dent was about 1 3/8 inches wide at its widest point and
 
the deepest depth of the dent was about 0.07 inches.
 

The primary dent produced a protrusion (bulge) on the inside surface
 
of the pipe and localized wall thinning. The minimum wall thickness, as
 
measured in this area at the accident site, was 0.249 inches and was located
 
about 4 inches from the point of rupture~ Additional wall thinning was near
 
-the point of rupture (’Tests and Research," ~Metallurgical Testing’).
 

Nearly parallel to and below the primary dent was a mark/scratch on the
 
pipe that extended from about the same downstream location as the primary
 
dent to about the point of rupture.
 

A second pair of marks on the pipe was located upstream (south) about
 
36 inches south of the point of rupture. The pipe had been damaged (gouged)
 
in an area about 5 inches below (east) the top of the pipe. The longer mark
 
was about 36 inches long and located closer to the top of the pipe; a 2 I/2
inch-wide section of the coating had been remov@.d.ze~.eal)ng a I ]/2-inch-wide
 
mark~n ~ metal, lhe second mark began slightly north of the first; the
 
maximum width of damage to the coating was about 2 inches and the length of
 
damage was about one half that of the upper mark.
 

About 120 inches north of the point of rupture, some damage to the
 
coating on the east side of the pipe was observed.- Coating in widths
 
varying from 4 to 7 inches had been removed from the pipe at the 3 o’clock
 
position (looking north). No damage Was apparent to the pipe metal.
 

At a location 188 feet north of the end of the Highland Road casing, two
 
~reas of damage to the pipe were found at the time the~pipe was being removed
 
for replacement. The section of pipe containing these two areas of damage
 
were sent to the Southwest Research Institute for metallurgical examination.
 
(’Tests and Research," "Metallurgical Testing").
 

Track and Signal¯Information
 

Trac~k.--The train derailment occurred on the single mainline track in
 
San Bernardino, California, near railroad MP 486.8. Approaching the.
 

mailto:remov@.d.ze~.eal)ng
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derailment site frcm the west, the track grade descended between Z.O and
 
Z.2 percent for 22 miles before it transiti~ned to a O.O-percent grade at the
 
derailment site. In the 22 miles of descending grade, there were 56 curves
 
which varied in degree of curvature from a maximum of 6 degrees to a minimum
 
of 30 minutes.
 

The track was constructed of 119-pound continuous welded rail (CWR) on
tangent tr=ck and ]36-pound CWR on most of the curves. The 4-degree curve at 
the derailment site was laid .with new ]36-pound CWR in 1986. The rails
 
rested on double shouldered tie plates and g-foot hardwood, erossties and
w~re restrained with two rail-holding spikes on the gage side of the rail, 
oneratl-holding spike, on the field side of the rail, and one plate-holding
spike on each side of the rail. The rail was box-anchored every other tie. 
lhe ties were laid in a ballast of crushed rock.
 

The 4-degree right-hand curve (based on the direction of movement of
 
Extra 7Bat East) at the derailment site was constructed on a fill (levee)

with a maximum height-of about 2! feet. .The curve was 2,474 feet in lenqth,
 
including a 376-foot spiral on each end, and had a l-inch superelevation."
 

According to SP Timetable No. 2, the authorized maximum timetable speed
 
for the curve was .30 mph. The Federal Railroad Administration allows a
 
maximum operating speed of 38 mph for a 4-degree curve with a l-inch
 
superelevation.
 

.About 680 feet of track were destroyed during the derailment. Because
 
of the extensive track damage, there were no distinguishable marks to
 
indicate the point of derailment.
 

Siqnals.--Trains on thesingle mainline track are governed by a traffic
 
control system using colored lights on wayside signals. An inspec.ti~ of the
 
signal equipment in the area of the derailment was conducted on May 13, 1989.
 
The inspection-revealed no problems wiJ~h the signal system .......
 

Train Information
 

At the time of the accident, Extra 7551 East consisted of, from front to
 
rear, 4 road locomotive units (SP 8278, SP 7551, SP 7549, and SP 9340), 69
 
open-top hopper cars loaded with trona, and 2 helper, locomotive units {SP
 
8317 and SP 7443).
 

Lo¢o~,~ive Units.--A11 of the locomotive units were manufactured by the 
Electro Motive Division (EMD) of General Motors Corporation. .These units 
were six-axle, SD models with 26L automatic brake valves and extended range 
dynamic brakes.23 

23 Mith extended range dynam{e brakes, as ©ompared to standard range, 
more retarding force ~s avai|ab|e from ~ mph up to a speed between |8 and 25 
¯ ph depending on the g~er ratio. 



   

Train-~rakes were controlled by the road engineer in the lead unit,
 
SP 8278. Dynamic and independent brakes were controlled separately by each
 
engineer in their respective units, helper or road locomotive
 

Based on statements by the head-end and helper engineers, the dynamic 
brakes of Units SP 8278 and SP 7443 were .known to be functioning. Unit 

~.~ SP 7551 was dead-in-consist with no dynamic brake~ or power. .The dynamic 
~. brakes of unit SP 8317 were tagged and out of service, but the unit pulled in 
~.~ the power mode and had pneumatic brakes. The head-end engineer stated that 
ill he believed "the third unit (SP 7549) had fairly good I think they were good 

dynamics. The event recorder printout for SP 7549 did not show any amperage
.i..:; in the dynamic mode after the train departed Cban where the helper units w~rey.:
’~_ added. The fourth unit, SP 9340, was reported by the head-end engineer to
 
~i~. load in and out of dynamics intermittently.
 

The automatic and independent brake valves from units SP 8278 and
 
SP 7443 were bench tested on May 15, at the SP diesel shop in Los. Angeles in
 
accordance with the requirement3 of the manufacturers and the Association of
 
American Railroads. All valves performed within design specifications.
 

~
 The controlling locomotive units at the head ~end and rear end of the
 
~ train, SP 8278 and SP 7443 respectively, were equipped with ~ulti-channel

i. radios that broadcaston 30 watts of power at 7~ volts. The road channel was
 
!.. 161.550 MHz. Both radios were bench tested on May 14 and 15, at the SP radio
 
: facility at Colton Yard. Both radios functioned according to design and
 

Federal specifications (49 CFR Part 90). On May
 
test of the radio from unit SP 7443 transmitting to the CoIIon roundhouse was
 
performed; communication was.loud and clear.
 

The first three head-endIocomotive units of Extra 7551 were equipped
 
with Pulse 8 event recorders; the fourth head-end unit and the helper units
 
were not equipped with any event or speed recorder. None of the units were
 
~equired to be~qu~oped. According -t~ SP’s general road-fore=an~ all new
 
locomotives being purchased are equipped with event recorders, and event
 
recorders are being installed on existing locomotives during a major
 
overhaul. The helper units had not recently been through a major ~verhaul
 
maintenance program. The Pulse 8 event recorder cartridges ~ecord speed,
 

. time, distance, direction, amperage, braking, throttle position, and 
independent brake application. All three event recorder cartridges were 
recovered and taken 5y Safety Board personnel to its headquarters in 
Washington, D.C., for restoration (the cartridge from unit SP 8Z78 was 
heavily damaged) and printout. (See "Tests and Resea~h," "Even~ 
Recorders.") 

H__o per ~ars.--Of the 69 open-top hopper cars in the consist of Extra
 
755~ E~ot, 3B cars were owned by the SP. The~e cars were 48 feet 9 inches in
 
length, had a light weight of 60,300 Ibs, a maximum lading capacity oF
 
202,700 Ibs for a maximum weight per car of 263,000 Ibs. The re~aining 31
 
cars were owned by the Denver & Rio Grande Western Railroad (DRGW). These
 
cars were 51 feet 8 inches in. length, had a light weight of 63,500 Ibs, a
 
maximum lading capacity of 199,500 Ibs for a maximum weight p)r car of
 
263,000 Ibs. The total light weight of the 69 cars was 2,130 ton~.
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Each of the SP cars was equipped with an "empty load" (EL) device. When 
the car is empty, this device reduces the brake cylinder pressure to prevent 
the wheels from ~liding. According to timetable instructions in effect at 

~ the time of the derailment, loaded cars with empty load devices were to be 
: considered the equivalent of one and one-half cars in determining tons per 

operative brakes (see Southern Pacific’s Method of Operation). The chief

{ mechanical officer for SP testified that-the SP cars with empty load devices,
 
~ had a "normal braking ratio of I." He further testified that at the time of

t
 
~	 the train derailment, the operating rules had not been changed to reflect
 
~.	 this. The DRGW cars were not equipped with EL devices. All 69 hopper carsI:
 
~	 were equipped with composition brake shoes.


i.

i 
~ Following the derailment, many wheels and brake heads were inspected. 

This was a random inspection of available parts because many parts were 
. buried and almost none of the.parts could be identified as belonging to any 

~. particular car or part of the train. Of a possible 552 brake heads on the 
~ train, 160 were examined with the following conditions noted: 36 had been
 

burned away, 102 showed .signs of heavy heat and excessive braking, and 22
 
showed light or no signs of excessive braking although most of these showed
 
signs of service wear. According to SP’s chief mechanical officer, some
 
showed no signs of heavy braking because of "...the variation in the brake
 
shoe thickness, the thickness of the wheels...and braking forces. They are
 
not exactly the same on all cars." He further testified that braking forces
~
 are not evenly distributed even on one car. Of a possible 276 wheel sets,
 

~	 142 were inspected of which I09 showed obvious evidence of overheating from
 
heat buildup by excessive or heaving braking. The chief mechanical officer
 
testified that based on SP’s postaccident inspection ~ the wheels and brake
 
heads, he believed that the brakes on Extra 7551 East were effective and that
 
the brake pipe was intact.
 

Locomotive wheels and brake shoes showed heaving braking and heat on
 
every unit. Some brake shoes h~d been burned away and the backing Flate had
 
begun to melt.
 

Mechanical Information
 

.... ~se--:of---~yn~mic Brakes.--According ~o tiTe-~Associ~a~ion, of- A~erican
 
: Railroads’ Director of Safety and Operating Rules, many Class .I railroads

~
 emphasize the use of dynamic brakes to control a train thereby conserving
 
~
 fuel and minimizing brake shoe wear. Rule 58F of the SP Air Brake Rules and
~
 

Train Handling Instructions states, ~The dynamic brak~ must be used whenever
 
practicable in reducing and controlling train speed .... " Rule 581 further
 ~.
 
states, "Where the available dynamic brake will not properly control the
I~.
 
speed of the train, the automatic air brakes must (then) be used to an extent
 

~;. which will allow the dynamic brakes to be reduced to a value where it will be
 
!; flexible enough to control changes made in speed due tophysical
 
~ characteristics of the road." The Safety Board is aware that similar rules
 

~
 

¯ °
 exist on other railroads. Rule 501B of the Burlington Northern Air Brake and
 
~. Train Handling Rules states:
 

Train handling must be performed in a manner that will be most fuel 
efficient consistent with good train handl.ing. Therefore, maximum 

.. 



  

use must be made of the trottle modulation, throttle reduction and 
dynamic braking methods for slowing, controlling, and stopping
trains. Unless rules specify otherwise, DURING PLANNED BRAKING 
OPERATION, IF ONE OR MORE OPERABLE DYNAMIC BRAKES ARE AVAILABLE, 
THE POWER BRAKING METHOD WILL NOT BE USED." 

Of SP’s road fleet of 2,100 units, 1,800 units, according to the chief
mechanical officer, are equipped with dynamic brakes. .SP locomotives are
designed such that when the train brakes are applied in emergency, an 
interlock will nullify the dynamic braking. According to SP’s chief
mechanical officer, the system is designed in this manner "...to prevent 
train handling problems in_the case of a break in two [a separation of two 
cars] and to prevent wheel slide because of excessive braking which would be
thecombination of the electrtc [dynamic] braking and the independent 
brake .... " He could offer no explanation as to why so,~e railroads have 
modified the system to retain dynamic braking when the train brakes are
applied in emergency. He stated that the SP had checked with the 
manufacturer and that the .manufacturer "...will not make that modification 
for the SP or any other railroad." He further stated that the SP was not 
considering modifying the locomotives. The Safety Board contacted one
manufacturer who indicated that any specifications requested by a carrier, as 
long as they were in compliance with Federal regulations, would be made. The 
Safety .Board is aware that the Union Pacific and the Burlington Northern have
 
their own retrofit program to eliminate the interlock feature,
 

Maintenance Reports and ReDortinq Gf Defective Locomotive .tlnits.--SP 
Rule 2A requires the engineer to report locomotive defects to the dispatcher
and to fill out a form outlining the defects. This form remains in the ¯ 
locomotive cab until the locomotive reaches an appropriate facility where
mechanical department personnel can make the repairs. The heed-end engineer 
testified that he complied with both parts of this rule with respect to the
 
inoperative dynamic brakes on the lead locomotive unit, 7£BI. The helper
 
engineer testified that he did not inform the dispatcher that the dynamic
 
brakes on one of his helper units were inoperative because the. dynamic brakes
 
were inoperative when he began his tour of duty and he believed that the
 
engine~.w~)m he had relieved had reported the defect to the dispatcher. The
 
assistant chie~ dispatcher who assigned the p~er~Iloco-dBtive units) for the
 
movement of Extra 1551 East testified that he does not request information
 
from engineers and that he does not query the computer :)stem~ about the
 
status of dynamic brakes on locomotive units. He further testified that it
 
is the responsibility of engineers to inform him of any locomotive defects,
 
He also stated that there are no written procedures that specifically address
 
what to do with .information received from engineers regarding defective
 
locomotive equipment.
 

The chief mechanical officer testified that engineers, in addition to
 
reporting defects to the dispatcher and filling .out the appropriate form,
 
will, occasionally report defects directly to the "roundhouse (engine repair
 

24SP~s computer system contains a listlng of at[ tocomotive units end 

the status of any defects reported. 



  

facility) fore~an., Fie further testlfi~ that ~echanlcal depart=ent
 
personnel, if they ~co~e aware of ~ny defects, will u~ate the c~uter with
 
Infomtlon. Acco~Ing to the chief ~chanlctl officer, the dispatcher,

once he receives tnfomtton f~ e~ineers ~a~tng deists, his the 
~sponslbiltty to u~ate the c~uter. The assistant chief dispatcher
testti’lK that he often ,~ates the c~uter ~en he ~cetves reports of 
defects, although he ~ltev~ tt ~as not his ~sponsibtltty to do so, 
~tll give the infomatlon to a c)erk ~o will then u~ate the c~,~ter ~en 
time is available.
 

A review of .aintenance reco~s and f;ilure reports by Safety
investigators reveal~ that on M~ 4~ an engineer had ftl~ ~ failure ~po~ 
on unit 7549, the tht~ unit tn the head-end consist, nott~ that the~ ~re 
no dyn~tc brakes. Acco~tng to the ~tntenance ~eco~, the ~tor b~aktng
switch ~as stuck and the ~patr vas made. The chief ~chanlca~ 
testified It vas not a m~or repair and that there ~as a ~sstbtlit~ that a 
defect of that type could occur again. With respect to unit 9340, the 
fourth unit tn the head-end consist and the one that the head-end e~ineer 
reported as "intemtttentm tn dyadic braking, maintenance records tndicat~
that it had received extensive repairs to the dynamic b~ake on Apri~ 27 
29, 1989. Acco~ing to the chief ~chanical officer, the extensive ~epatrs
would indicate to him that the dynamic brakes should have been ~rking on the 
day of the accident. Acco~in9 to the failure reports, unit ~17, the lead
unit In the helper consist, had been reported as having inoperative dyn~ic 
brakes on Hay 8, 1989, 4 days before the accident. The chief mechanical 
officer testified that tt was not unc~n for a unit to continue to ~ us~ 
~n helper service "until tt ~rk~ its ~a~" to the Los Mgeles ~pa~r 
facilities, lesti~ny by the head-end engineer and th~ helper engineer 
indicated that it was not unc~n to have a unit in a locomtive consist 
with inoperative dynamic.brakes.. The chief mechanical officer testified that 
the number of units report~ to have inoperative dynamic brakes vart~ on
daily basis from 3 to 35. 

R~overtnq D~amic Brake~.--According to the chief ~chanical officer, 
an engineer can recover the dyn~tc b~akes (after an ~ergency application of
the train brakes...has been made) by going to "a han~.e..~ff ~q~(tion and
recover[ing] the PC after a~ut 70 seconds."~ He stated that he ~lieved 
the head-end engineer had sufficient ti~ to recover his dyn~tc brakes " He 
also stated, "1 suspect there could have been some slight benefit going back 
into dynamic brakes but at those speeds the dynamic braking effort is very,
very low." 

etectropneuaet(~ device (aometimes referred to in the industry as the 
cut*off svitch ~r t~te pneumatic ontrot sutton), .trips. t:he e_i~:tric 
vhich causes the ssln generators to unload 8nd the engines to return to idte. 

Vheh the air brake h~hd&e is p&aced in the hAndLe off position, the PC 
lutometicet~y reset. After the pressure is restored - ithin 20 to 30 seconds 
(vhich the ensineer carl observe ~n front of him), the engineer can then 
menuo(~y, move the handle and 9r~ back into dynamic brak,ng. 



  

F~eral ~atlroad ..Ad~tntstrat|o~’s (FRA) Pos~tton Reqardinq Functtonln~
O~tc Br~k~.--The Safety ~a~ ~tv~ ~nflict~ testimny 
~rsonnel ~a~t~ the c~’s tn~tatton o~ F~ ~qu~n~s for
fu~tlon~ng d~m~c brakes. ~e general ~ad fo~n o~ e~nes stat~ that 
he ~l~ev~, bas~ ~ hts tnte~t~t~on of F~ r~ulations, that
l~t~ve unit ~s ~p~ ~tth ~c brakes, they. "~st o~rate." The 
chief ~hantcal officer stat~ that he ~l~eved the~ ~ no F~ 
~qut~nts ~a~t~ functioni~ d~ae~c brakes. T~,e Safet~ 
~quest~ the F~ to p~vide In ~itlng its ~sitton on function~ d~amic
brakes. In a letter to the Safety ~ard dated October 18, 1989 {see
appe~tx G), the F~ stat~: 

The Railroad ~r Brak~ and Dr~ars R~ulat~cns does [sic] not
requt~ the p~sence of a ~n~lc brake. ~ver, dyn~tc brakes 
are ~ferr~ to in the Locative Safety Standa~s, ~hi~ states
part "If a d~ic brake or ~enerattve brake s~st~ is in use, 
that ~rtton of the syst~ in use shall respond to control f~ the cab
of the controlling locative." 

This part eakes clear that ~th the ’~quipping and the use of
dynamic brake is optional. The F~ ~ill not take exception if a 
d~nam~c brake is found inoperative or operates at less than
designed capacity. 

~u~hern Paclftc’s ~th~ of O~ratt~ 

Air .Bra.ke Rules__and T1~b]e ]n~trVctions.--Trains operating on the 
double eatn track over the ~jave Su~ivis~on are contro11~ by the train
dispatcher using Direct Traffic Cont,1 ~t~een Hojave a~ East ~jave. 
Between Ansel and ~est Colton, trains are operated in accordance ~ith s~gnal 
~ndications of an aut~at~c block and traffic control s~stem. 

Ti~table No. 2, effective October 25, 1987~ ~as current at the ti~ of 
the accident. Haxi~um allo~able speed on the line between East ~jave and 
~est Co]ton ~as 65 eph for freight trains. Exceptions to the maximu~
allo~able spe~ for eastward freight, trains between East ~jave and ~est 

.... Co~ton ~ere as follows: 

~t~een ~P 46~.8 and RP 487.4 
~t~en ~P 487.4 a~ RP 491 

30 mph
40 mph 

~t~een tip 491 and 491.9 30 mph 
~t~een HP ~1.9 and 492.7 15 mph 

The SP had adopted the General C~e of Operating Rules, ~hich beca~ 
effective on October ~8, 1985. The SP’s A~r Brake Rules ~nd ~ra~ Handling 
lns[ructions, last revised on Nove~r 1, 1985, ~ere also in effect. 
Pertinent excerpts from the Air Brake Rules and Train Handling Instructions 
fol 1 o~: 



Rule 2. Dyna~|c Brake. 

Helper locomotives entrained ~ay not use dynm|c brake unless road

engine has operative d~c brake.
 

The n~r o~ axles o~ d~ic brakes of the helper engine(s)will

~ add~ to axles of d~1c b~k1~ of the road angi~e to-

dateline the tonnage that ~y ~ handl~ in accordance with

applicable Air Brake Rules.
 

Oyn~c brake on head end of f~lght trains ~ust not ~ceed 24
 
axles. Each helper ent~ain~ ~st not exceed 36 axles.
 

Rule 17. Retaining Valves.~6 

The Superintendent will prescri~ the n~ra~ locations where

retaining valves ~ust ~ used.z~
 

Instructions ~n Ti~tab]e No. 2 ~ndic~te that for the descending grade 
~t~een Hiland and West Colton, retaining valves ~ill be us~ under certain 
conditions. For trains ~tng operated d~ the grade without operative
dynamic brakes, one retaining v~lve w~11 ~ us~ for each 80 tons in train. 
If gross tonnage exce~s ~ tons pe~ operative brake, retaint~ valves ~st 
be us~ on el] cars and spe~ ~st not exce~ ]5 ~h. For trains ~ing
operated with o~attve dyadic b~akes, use of retainers is not requi~ if
tons per axle .o[ dyadic brake does not exce~ 375 per standard ~ange or 450 
per extended range. 

Rule 33. Tonnage Per Operative Brake.~a 

The ~axi~ tonnage per operative brake that ~ay be handled on
 
descending grades of 1.8 pe~ce~t or over ~ill ~ preserved by t~

Superintendent.
 

26 AS defined in the Air |rake Associstien’s ~ana:eme~ 9f Train 
retaining verve is "a ontrot device-tkroughOperation 8nd Trsmin #e~d|ing, ¯ 

oh|oh brake cylinder oir is exhausted eompletety or a predetermined brske 
cylinder pressure is retained." in short, the retainers provide the engineer 
uith brekt~9 capability unite the air brake system is being recharged. 

27 Typice|ty, uhefl ¯ company rute (in this case on eirbrake rule) 

peremeters, the superintendent uitl e¢¢ooptish this through instruction~ in 
the timetable or by spociot bu|tetins. 

~S Tonnage (or tons) per operet|ve brake is coaputed by dividing the 
1he weight of thegross treating tons by the number of cars in the train. 

tocomotives is not included in the gross trailing tens. 

t 



  

  

Freight trains handling ~ars with single capacity brakes (*), with
 
tonnage exceeding 80 tons per operative brake, must not exceed
45 ~ph, except maximum speed must not exceed: (1) 25 mph; or 
(2) 20 mph in grade territories as designated by Superintendent by
 
milepost locations under appropriate subdivision.
 

*Loaded cars with em~ty-load brakes are to be considered the
 
equivalent of one and one-half (I I/2) cars in determining tons per
 
operative brake.29
 

Tonnage of operating locorJotive(s) not in dynamic braking is not to 
be used in determining tons per operative brake.
 

The instruction., in Timetable No. 2 indicate that the descending grade 
between Hiland and West Colton is covered by rule 33. The timetable also 
lists the maximum tons per Operative brake for trains descending the grade
 
and the exceptions for those trains using dynamic braking (appendix H). The
 
instructions also state:
 

Insufficient dynamic brake capacity or failure of dynamic brake
 
which results in exceeding these tonnages per axle, is to be
 
considered as operating without dynamic brake.
 

Should dynamic ~brake failure occur on one or more locomotives
 
resulting in insufficient dynamic brake capacity, train must stop
 

- ¯ - and all.retaining valves.tu,-ned up. Train. may then proceed not 
exceeding 15 mph if, in the judgement of the conductor and 
engineer, it is safe to do so. 

The SP’s general road foreman of engines provided the Safety Board with
 
a speed decision flow chart for Rule 33 (see figure 15). According to his
 
testimony, "A train consisting of 6g cars with a weight of 8,900 tons
 
and that had 18 operative dynamic brake axles" would not have been allowed to
 
descend the grade east of Hi]and. Extra 7551 East on the day o~ the accident
 
had 128 tons per _operative..b.ra~e (8,goo trailing tons divided by. 6__9_.~umber

of ca~s-~n train, not using the I 1/2 braking equivalence)) and 494 tons per 
axle of dynamic braking (8,900 trailing tons divided by 18 (three locoaotive
units with six axles each)}. Using the speed decision flow chart, the 
general foreman illustrated why the train was not permitted to operate 
(follow arrow #! on figure !5). Using the chart, the general foreman also
illustrated the decision process the engineer would have made on the day of 
the derailment with the infomation that he h~d 69 tons per.operative brake~o 
(follow arrow #2 on figure 15). According to the general road foreman, "If 
the train would have had 6,151 tons, with the information that [the head-end 

~9 SP ¢lncelLed this rule b’y special instructions, effective Hey* 22, 

~0 6,151 tons divided by 88 iS8 SP csrs equipped with £/~ devices 

figured at 1 1/2 brlking spebtii~y equ~ts 57 (38 auttiptied by 1112) plus
 
31 9RGV cars not equipped uith E/L dev(ces) equals 69 tons per operative brlkt.
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Figure ~.--Speed decision fl~ chart for Rule 33. 
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engineer] had and the d~namic brakes [he] thought he had working, he could 
easily have controlled the train do~ the hill." He further stated that the 
engineer, based on the information provided to him, could have taken the 
train down the htll without any dynamic brakes. According to the head-end 
engineer, based on the tnfomation he had, rule 33 did not apply to his
train. 

As outlined in the Air. Brake Rules and Train Handling Instructions, the 
dynamic brake retarding force ~per brake axle diminishes as speed increases.
For example, at a speed of 23 =ph, the dynamic brake retardin9 force per axle
is 10,000 lbs; at a speed of 40 =ph, the dynamic brake retarding force per 
axle is 5,750 lbs. 

Rule 61.E. Balancing the Grade 

Operating freight trains on descending grades involves: 

]. Balancing the grade, or holding speed steady at safe and 
practical values. 

The amount-of brake (train) retarding force used to balance the 
grade .normally should not exceed one half (50 percent) of the 
normal full service train brake available if dynamic brake and
 
¯ pressure maintaining are operative. 

In o~der to hold speed steady on a descending ~rade, the force of 
gravity must be balanced by the sum of train resistance and brake 
retarding force. The heavier the grade, the lower the effect of 
train resistance; and the more brake must be used. Irain 
resistance will vary with the type of cars, train make-up, and 
train length and weather. On heavier grades the majority of the 
grade retarding force comes from the dynamic brake and the train 
air brake. 

__ --The locomotive-engineer,-the helper--engineer, .the road foreman of 
engines, and the general road fore~an al1 testified that they considered rule 
6!.E.1 to be a recomaended guideline or an option rather than a requirement.
Testimony also indicates that engineers have routinely gone beyond the 
50 percent reduction. On May 17, 1989, SP issued train order No. 1903,
adding the folloming new rule to their operating rules: 

Rule 627.B. 

Within the territories ~here air brake rule 33 applies, except on
Yuma subdivision-Los Angeles division, and with the use of d~mamic
brake the following brake pipe reductions ,~ust not be exceeded to 
control the train at the folloming speeds: 

Maximum Speed Maximum Air Brake Pipe Reduction
 
30 mph 13 pounds
 
25 mph 16 pounds
 
20 mph ]8 pounds
 



             

In the event train speed cannot be controlled without exceeding the 
above brake pipe reductions, train must be stopped, secured and
brake system recharged. Train ~ust not proceed unless authorized 
by the chief train dispatcher. " 

According to the general road .fore~n of engines, the SP decided to "put 
definite limits on ~hat [speed] a train could go with a certain air brake
reduction to reduce the wheel heat and keep it within the limits." He 
further stated that the Rio Grande had conducted tests and determined that an 
]S-pound reduction at 20 mph and a 13-pound reduction at 30 mph could be made 
without excessive ~heel heat. 

By special instructions, effective Nay 31, 1989, speed restrictions were
placed on the area fro~ Hiland. to West Colton (the descending grade). 
According to the special instructions, trains with 25 or more loads of coal,
grain and/or bulk minerals must not exceed 20 mph. 

Rule 13 of the $P Air Brake and lrain Handling Rules addresses the
procedure for placing 1he locomotives in reverse. The rule states, "Should 
it becomelmpossible to stop atrain with the air brakes...place throttle in

IDLE position, apply sand, place reverser, lever in the opposito position and 
move the throttle to No. ! position." 

¢O~iCation ~etween Hea(-end (n( Helper EnqineeEs.--On the day of the 
train derailment, there were no requirements that the head-end engineer and
helper engineer ceemun!cate with each other reqarding the condition of their
respective locomotive units. Both the road foreman of engines and the 
general road fore~an of engines testified that based on their review of the
radio transcripts between the head-end engineer and the helper engineer on 
the day of the deraileent the amount of communication that took place was 
less than what they would have expected. The helper engineer testified that 
he comaunicates with the head-end engineer by observing the air gauge.
Acco~ding~to his testtmony_~ he can determine what actions the head-end 
engineer is taking by observing the air brake reductions~ 

Effective Nay 22, 1989, by special instructions, the following rule was 
added to the Western Region:
 

The road and helper engineer(s) must co~municate the condition of
 
their units and train in ,order to detet~mine maximum authorized
 
speed and train handling requirements. Helper engineer will 

-observe speed indicator ~hile running and re~ind road engineer of
speed requirements if necessary. If helper engineer is unable to
communi~;te with road engineer and if train continues to operate in 
excess of ~aximo~ allo~able speed, helper eegineer will take 
necessary action to stop train. 

Tonna_~e loformmtion for Cars.--At the time of the train derailment and 
when-~ard clerks at various outlying areas released a car as loaded, SP’s 
computer system required that certain information be entered into the system 



  

  

including: the ne~ destination of the car, a la~l|ng code for the car, any
speclal handltng associated ~tth the car, and a tonnage figure. This 
infomatton was entered into the co~uter system’s car file ~hich contains, 
in addition to the above tnfomati.on, the physical characteristics of 
ca~ on the SP s~st~. The ~ clerks underst~ that the tonnage ftgu~ 
~uld ~ updat~ at a later ti~ ~hen the shipper’s bill of lading
~ce~ved ~n the btlllng office. . SP’s dtrector o~ clertcal o~rattons 
testtft~ that cars are often ~v~ in service ~fore the shipper’s btll of
lading ~nfo~tlon ts ~cetv~ and ente~ tnto the co~puter s~stes. He 
further testtft~ that followtn~ the t~aln derail~nt, "~e have cha~ed the 
system so that r~a~less o~ ~at esttmate ts put tnto the release, the 
c~uter vt~ go to the car file and aut~attca~]y update that tonnage to the
capacity of the car.’. According to the directr’r of c]e~ca] operations, the
~ximum tonnage figure ~tl] r~atn tn the car ft~e of the computer until the 
shipper’s bt]] of lading ts received and only ~hen the btl~ of lading 
indicates a shipper-certified ~etght ~i]] the maximum tonnage figure
adjusted to reflect the shipper-certified ~etght. I~.an estimat~ ~ioht 
indicated on the shipper’s b1~] of lading, the ~ximum tonnage figure
r~a~n ~n ~he ca~. f~le of the c~pute~ syst~ untll the ca~ has been ~e~ghed. 
The nearest sca]e to the~ave Yard ~as locat~ at ~est Colton. 

The director of clerical operations ~testlfied that the cler~ in the 
various outlying areas are responsible for checking the .accuracy 
completeness of .shipped-tendered bills of lading. According to his
test~ny, the first line supervisor for ~hese clerks is located in 
Los Angeles. He further stat~ that durtng the last re, years, shippers
have been sending the1~ b~11 of ladtng 1nfomatlon directly to the central 
office in Los Angeles ratheP than dealing ~1th clerks ~t ~he various outly~ 
areas. 

The Calnev Ptpeltne 

~scrlo~1on.--The Calnev pipe]ine ~s constructed by H1d-~untaln 
Contra~r~nc., durtng 1969 and ]g70. The-approximately 248-~1e-lo~ 
pipeline, uhich transports petroleum pr~ucts Including gasolines, ~e~ fuels, 
and No. 2 diesel fuel, originates at the Colton Pump Station at Colton, 
California, and teminates at Las V~as, Nevada. From the Colton Pu~ 
Stltion (elevation 1,040 feet), the pipeline route is generally nort~ard a~
crosses C~on Pass a~ an elevation of 4,480 .feet at tip 28 (f~gure 5). Fr~ 
Colton to about MP 236, the ptpel~ne ~s-14 inches ~n d~ter, and 
MP 236 to the Las V~as teminal, the ptpel~ne is 8 ~nches in dieter. T~
f~rst ]07-mtle section of the 14-~nch-d~ter pipeline ~as const~ct~ of 
the sa~ grade of p~pe that ~as ~nvolved at the rupture s~te. The p~pe at
the rupture s~te ~as manufactured of steel b~ Kaiser Steel Corporation
~rtcan Petroleum [nstitute standard 5LX 52, using an electric resistance 
~eld~ng process. The pipe had a 0.312-inch ~all thickness and ~e~gh~ 
45.61 pounds per foot. As a minimum, the pipe ~as required to have 
specified ~eld strength of .52,000 ps~ and a sp~ifled tensile st~ngth of
66,000 psi. Records of tests perfo~d on the steel used to manufacture the 
p~pe ~nd~cates that the steel exceeded these minimum requirements ~1th s~ 
tests sho~ng m~n~mum spec~f~ yield strengths of 66,000 ps~ and min~
specified tensile strengths of 74,430 ps~ and greater: The p~pe ~as coat~ 



                                                          

wtth TGF3, a coal tar base coating. According to Calnev’s cathodic
protection-records, the pipe had a mlntmum negative (cathodic) voltage of 
0.85 volts (generally tt had a considerably ~ore negative voltage) as
¯ easured between the pipe and the so|l. A cathodic protection recti~ter~as 
located at the Colton Pump Station, and Calnev’s records indicate that there
had never .been a corrosion leak found on this ]4-inch pipellne system. 
Calnev’$ ~anager of operations testified that if the coating damage extsted 
prtor to-the derallment~ Calnev~ould not have been able to see any change In 
the cathodtc"protectton in thts case because, "There.is a casing that runs
under Highland Avenue. At thts particular .location the casing and the pipe* 
are operating at the same potential. That large casing would probably mask 
any damage to the coat~ng that might be evident tn that location. I don’t
think you~ould have s~n.a change to the cathodic level there." 

The first 107 miles of the pipeline ~ere hydrostatically tested between
June 20, 1970, and July 3, ]970; the section through the rupture site (HP 0.0 
through HP 25.2) was tested on June 29 and 30, 1970. The pressure test on 
this section was begun at 8:15 a.m. on June 29, 1970, at 2,085 psig and
completed at 12:30 p.m. on June 30, 1970, at 2,083 psig. The minimum " 
pressure during the test was 2,075 psi9, and the minimum 4-hour internal 
sustained pressure.was 2,077 pstg. 

. ~heck .¥alves.--A[ the time the -pipeline ;was constructed, Calnev¯
 
installed check valves_ in its pipeline to prevent backflow of product from
 
one section of the pipeline to another. These valves also serve to minimize
 
the amount of product that can be released from the pipeline should the

pipeline rupture. Generally, C.alnev installed top-hinged check valves, and
at some locations there are connections installed to bypass the check valves.
However, on the 14-inch portion of the pipe]ine, Calnev installed seven 
Mheatley ’All-C~ear Check Valves.~ These check valves are side-hinged check
valves which purportedly provided advantages over the top-hinged check valves 
by producing less pressure drop and offering less resistance to the passage 
of spheres and scrapers Side-hinged check valves were installed at HP 0.0,
6.9, ]4.9, ]9.-2~ a~d.25.7. Calnev’s-manager of operations_testified that he 
was~ not aware that Calnev had ever inspected any of the check valves 
installed ~n the pipeline between the Colton pump station and Cajon Pass to
determine if the valves operated properly. He further testified that it was 
his understanding that check valves-are not routinely inspected ~n the 
industry and that he was unaware of any Federal regulation or industw
standard that required such inspection. He stated that following the rupture 
Calnev made plans to inspect the check valves in this area. In a letter to
the Safety Board dated Hay 21, 1990, Calnev stated, "Calnev has installed 
four new .check. valves; three to replace existing check valves and one
additional check valve at HP ]0.0. Our intention is to. replace one more ¯ 
check valve and install a supplemental block valve near another in the next
60 to 90 days." ’ 

The OPS representative who testified at the Safety Board’s public
 
hearing stated that the proper operation of check valves can be tmportant-to
 
the safe operation of pipelines; he also advised that the OPS historically
 
has considered that the regulations do not apply to the maintenance of check

valves. The OPS has not issued an interpretation to this effect and it has
 



not provided to its enforcement personnel any guidance indicating that check
valves do not have to comply with the maintenance requirements; however, the 
ors representative stated that this position reflected what ors has been 
doing from an enforcement policy. 

The Calnev manager of operations further testified that, based on the
 
amount of product eventually required to tel.ill the line, at Lhe time of the
 
rupture, the check valve at MP 6.9 did not clo~e, the valve at RP 14.9 "must
 
have come closed at some point," and that check valve at MP 19.2 "probably
 
has at minimum leaking seats."
 

Bl~ck Yalves.--Remotely operated block valves were installed on the
 
Calnev pipeline at MP 35,4 and MP 46.7. A manually operated blo~k valve was

installed at HP 25.7. According .to the testimony of the incident commander 
(the deputy fire chief) and Calnev’s manager of operations, the deputy fire 
chief requested after the train~derailment th~t.a blcck valve be installed 
just north of where the derailment occurred. Accc.-ding to Cal~ev’s manager 
of operations, "With a block valve you have the ability for positive shut
off. You can turn a crank and tighten it and possibly have a more certain 
measur~ that your pipeline is shut off at that point. I.think the chief 
felt that given, the difficulty we had in getting .that check valve to seat 
during our drain-down, that that might.be a good idea given the population in 
the area -..We wer~ basically in agreement with the chief that that would be 
a good idea." He further stated, "lhere is a fair amount of lead-time.in

~
 ordering such an item and a fair amount of time to set up an installation
 
,. such as that one." Subsequent to the pipeline rupture, a remotely operated
 
r block valve was installed at MP 6.9.
 

Dispatch Centec.--The pipeline system is controlled by dispatchers from 
a dispatch center at the Colton Pump station, The system is equipped with a 
monitoring system that scans selected system parameters, such as pipe 
pressures ~nd motor drive amperages, every 13 seconds, compares the data with 
programmed acceptance values, and through visual and audible a]arms, alerts 
-the dispatcher-to changes to operating-conditions in the-system and abnormal
 
or unacceptable occurrences.. The audible alarm indicat,~s that a change has
 
occurred; however, this does not necessarily indicate that there is an
 
emergency or that any action is required on the part of the dispatcher other
 
than to acknowledge the alarm by pressing a key on his terminal keyboard.
 
the visual alarms are presented in the form of numerical values flashing on a

colored background. The background color varies depending on the measured 
value for the particular operating parameter. -Background colors range from 
shades of white and blue, representative of the range of low pressure 
conditions, to yellow and red, representative of the range of high pressure 
conditions. Normal ranges are presented on a green background. 

A computer printout of the monitoring system indicated that on the day
~
 
il of the accident, the dispatcher on duty received both a low suction and a lo~,’

;.
~.: discharge pressure ~larm on his computer terminal screen. The dispatcher
 
~: not detect the low discharge pressure alarm, and by c(~e stroke ,"~ his
 
.:. terminal keyboard he silenced the audible alarm, caused the ~lash;:~ ~.,-d
 
!-.:. "alarm" to disappear from his screen, and caused the fl~sh~.ng numerical
~
 

information regarding the low suction pressure and the low discharge pressure
 

::
 

~.
 



       

to return to a steady presentation; the background color does not change
 
until the operating condition changes. According to Calnev, subsequent to 
the rupture, Calnev modified its automated control system to include a high 
flow set point whereby if excessive flow is observed out nf the Colton pum~
 
station (indicative of a potential leak or rupture), the system will
 
automatically shut down the Colton pump, and indicate_the alarm condition.
 

~erqency Response MBnual.--On the day of the pipeline rupture, Calnev
 
did not have any procedures in its abnormal operation response plans (a 
section of the company’s emergency response manual) that would advise the
 
dispatchers of the actions to take upon receiving both a low discharge
 
.pressure and a low suction pressure alarm. Calnev’s manager of operations
 
stated, "We felt that it was adequately covered in the explanation section
 
for low suction pressure" which advises that the line pressure be checked in
 
the event of a low suction pressure alarm. He stated further that following
 
the pipeline rupture, Calnev revised its manual to include an explanation of
 
what to do in the event a low discharge pressure alarm is received.
 

Calnev’s emergency response manual -was last revised in January 198g.
 
The manual contains a list, by milepost, of telephone numbers for fire.and
 
police departments, and procedures for notifying Calnev personnel and other
 
agencies in the event of a spill or leak. The manual also contains ups of
 
the pipeline and directions to each mainline block valve, and procedures for
 
responding to a natural disaster and external incidents.
 

The procedures for a suspected l~ak require the pipeline to be shut
 
down, pressures to be stabilized, remotely operated valves to be closed, and
 
pressures in specific sections of the pipeline system to be monitored. If a
 
leak is confirmed, the procedures outline specific actions to be taken to
 
locate the leak and to respond to the leak.
 

The procedures for a natural dis~sterand external incident refer to the
 
potenti~1 adverse effect.s_ o~-%rain derailm~nts._The procedures indicat~ that
 
substantial portions of the pipeline, system are built on the railroad right-

of-way and that train derailments pose a serious threat to the pipeline
 
primarily by equipment being used to clear the wreckage and replace ~he
 
roadbed. The areas where the pipeline system is located near railroad tracks
 
are listed by milepost; the area of the train derailment of May 12, 1989, is
 
included in this section. In the event of a train derailment, the procedures
 
indicate that Calnev personnel are to be imediately dispatched to the scene
 
and assess the situation to determine if the pipeline could have been
 
damaged. Railroad personnel are to be contacted and advised of the location
 
of the pipeline. In the event of possible damage, the pipeline is to be shut
 
down, and upstream and downstream valves are to be closed. ~he procedures
 
also indicate that once the pipeline has been secured, the location of
 
pipeline through the derailment area should be accurately marked, .heavy
 
equipment should not be allowed to operate over the pipeline i~ ~t is
 
considered hazardous to t~e pipeline, and Calnev personnel should be resen~
 
on scene until all work is completed.
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Personnel Information
 

~p~ratinq C~ew of Extra 7551 East.--The head-end engineer had been off
 
duty for about 20 hours before reporting for duty at Bakersfield at 9:00 p.m.
 
on May ]1. The engineer reported the following information: He spent his
 
off-duty time sleeping, eating, watching television., and relaxing. He had
 
been eating regular meals during the day preceding the accident, had bee~
 
receiving his usual amount of rest of about 10 hours, and was fully rested
 
when he reported, for duty on the evening of May 11. There had been no
 
recent changes in his lifestyle, he had not consumed any aIKoh;l during the
 
days preceding the accident, and he was not a user of illicit substances.
 

The engineer held an active State of California driver’s permit. An
 
inquiry to the State of California Department of Motor Vehicles (SCDMV)
 
revealed that the engineer had .no history of hav~ng received a~y sumnons or
 
convictions. The National Driver Register (NDR) contained no i~formation on
 
revocations or suspensions regarding the engineer’s driving privileges.
 

The head-end engineer had-been employed by the SP for almos: 15 yea~ at
 
the time of the accident. He had he,d -~he positions oF fuel o~l attendant,
 
laborer, and fireman before being promoted to the position of engineer on
 
November 28, 1986. (For additional information, see Engineer Irainin~
 
Program.) " 

The head-end engineer had been qualified on the, physical characteristics
 
of the territory by making one check ride from Tehachapi to Bakersfield (see
 
figure 1) with a supervisor in September 1988. He stated that he was
 
familiar with the descending grade in the accident area and had operated
 
trains over this trackage several times. He stated further that he b~d
 
previously operated trains with a trailing tonnage of 6,]51 to=s and with ~
 
trailing tonnage of about 8,900 tu,,=. His testimony also indicated that he
 
had never operated a train that ’o,. believed the tonnage ~f which wa~_
 
substantially more than the tonnage ~hown on his train docummt~ ..... ~e d~d
 
indi~at6, however, that this was the first unit (single commodity) freighL
 
train he had operated through the Cajon Pass; all of his pri~r experience
 
.through the Pass was operatingmixed commodity freight trains. Re added that
 
he believed this was the first time he had transported trona. The head-end
 
~ngineer stated that he had worked previously with the other head-erie
 
crewmembers, but had no knowledge of, nor had previously .worked with, the
 
helper engineer.
 

.The conductor of Extra 7551 East had been off duty the 4days precedin?
 
the accident. The conductor’s wife reported the following information about
 
the conductor: On Thursday, May 11, the conductor awoke around 8:30 a.m. and
 
remained at home during the day. He received his call for duty, ~s expected,
 
and reported to the Bakersfield yard at g:O0 p.m. that ~ening. He had. been
 
eating regular meals and had been receiving his usual a~unt of rest during
 
the days preceding the accident. Her husband was "rested as ~sual" when he
 
reported for duty the evening of May 11. She had noticed no ~nanges in ~er
 
husband’s ~.festyle. The conductor did not smoke cigarettes or drink
 



The conductor held an active State of California driver’s permit.
 
According to the SCDMV, the conductor had no history of having received a
 
summons or conviction. The NDR contained no information on revocations or
 

] ¯	 suspensions regarding the conductor’s driving privileges.
L.
 
~:
 

i.. The conductor had been employed by the SP for 17 years at the time of
 
the accident. He had held the position of brakeman until -April 15, 1975,
i~
 "
when he was promoted to the position of conductor.
~
 

ihe head-end brakeman of Extra 7551 East had been off duty during the
 
48 hours preceding the accident. The brakeman’s wife reported the following
 
information about the brakeman: He spent the time during the days conducting
 
personal business and engaged in activities with his family. On Thursday,


I~:’	 May 11, he awoke about 9:30 a.m. having received about 10 I/2 hours of sleep,
 
and-spent the day .at home. He reported for duty at Bakersfield at g:O0 p.m.
 
that evening. He had been eating regular meals, had been receiving his
 
normal amount of rest, and "was not fatigued" when he departed t, ome on the
 
evening of May 1]. He did not smoke cigarettes, drink alcohol, .or use
 
illicit substances, and sh~ had not noticed any recent changes in her
 
husband’s lifestyle.
 

). 
The head-end brakeman had been employed with the SP for more than
 

17 year~ at the time of the accident. He was promoted to the position of
 
brakeman on November 27, ]971.
 

The helper engineer had been off duty since 11:00 p.m., May g, having
 
completed at that time an approximate ]O-hour tour of duty. He stated that
 
on May I0, he attended a union meeting in the morning and for the remainder
 
of the day engaged in personal activities. According to his testimony, on
 
Thursday, ~lay 11,. he awoke around IO:O0 a.m., having received about 8 hours


¯ ~	 of sleep. He spent the day performing personal business and retired that
 
evening about 11:30 p.m., at which time he received a call from the crew
 
dispatcher for a 1:30 a.m. duty call. He reported to the West ¢olton yard
 
and then rode in a company van for the I/2-hour trip to the Dik~ siding w~ere
 
he was to relieve the on-duty helper engineer.
 

’~
 The helper engineer reported that there had been no recent changes in
 
!" his lifestyle, that he does not use illicit substances, and that he had not
 

consumed any alcohol during the days preceding the accident.
 

~
 The helper engineer stated that. he had eaten regular meals during the
 
.~ days preceding the accident and that he normally receives 6 to B hours of
 
.~. sleep daily. In his initial statements to Safety Board investigators, he
 
~ .stated that when he received the call for duty on the evening of May 11, he

°
 had not received his proper rest and "was tired." He elaborated by stating

~’ that he was..not tired when he first reported for duty but that he was not "in

i~ tip top condition the whole trip." When questioned if he had. fallen asleep
 

during the trip, the helper engineer replied, "I don’t think so." The
 
engir~eer further stated that he had expected ~o receive a call for duty
 
because he had called the crew dispatcher’s office several times that day,
 
but believed that he would receive the call for duty later in the night or
 
.early the following morning. During the Safety Board’s public hearing, he
 



     

  

            

testified that he-was not tired when he reported for duty and had no
 
difficulty remaining alert during the trip.
 

The helper engineer had been employed by the SP for more than 11 years ..
 
at the ti~e of.the (~¢cldent~ He had held the positions of hostler and
 
fireman before being promoted to the position of engineer o~ November 5,
 

The helper engineer stated that he normally operated trains between West
 
Colton and Yuma. He was not qualified on the physical characteristics of the
 
railroad for the territory in which the accident occurred and could not,
 
therefore, operate as a road enginee~ in this area. He estimated that during
 
the past year he had served as a helper engineer about four times on trains
 
operating over the accident territory. Company records indicate that during
 
the month preceding the ¯accident, the helper engineer had not worked with any

of the other cre~embers assigned to accident train.
the
 

The helper brakeman received an emerge1~cy call for duty from the crew
 
dispatcher on the evening of May II, to report for duty at 1:30 ~.~., May 12.
 
He stated that he had expected to be.called for duty about I0:00 a.m. later
 
that morning. Prior to the emergency call, the brakeman had been off duty
 
since 9:00 p.m. on May I0. The helper brakeman reported the following
 
information about his activities. He had "a normal day" on May 11, had been
 
eating regularly (which for him was one meal in the evening) during the day
 
preceding the accident, had been receiving his usual amount of-rest, about
 
8 hours daily, and he was not fatigued when he reported for duty on the day
 
of the accident. He had consumed one beer at home on the evening of May
 
II, His lifestyle had been altered as a result of his wife’s death ~ months
 
earlier. He did not indicate that he was not adjusting properly to this
 
loss.
 

The helper brakeman had been employed by the SP for m~re than 38 years
 
at the time of the accident, holding the position of brakeman since the time
 
he was hired. He estimated that he had been a crewmember on trains operating
 
over the accident area on about 10 occasions in the past and that he had

worked on many occasions with the helper engineer. ---

On-scene investigators attempted to locate the grips (personal bags)
 
belonging to all five crewmembers. It was learned that the helper crew had
 
taken their bags when they departed the accident site. The grip belonging to
 
the conductor was removed from the wreckage by railroad officials, and
 
investigators were unable to locate any documentation concerning the contents
 
of this grip. The grips belonging to the head-end engineer and brakeman were
 
located in the wreckage and recovered. A review of the contents of these
 
grips revealed nothing noteworthy.
 

Other ~outhern Pac.i(ic Perso~ne).--The train dispatcher-on duty at the
 
time of the accident normally worked a 5-day week. Prior to the day of the
 
accident, the dispatcher had not worked since-May 6, due to illness. She
 
stated that she was feeling fine when she reported for duty on the m~rning of
 



May 12. The dispatcher had been employed by the SP for almost lO.years and 
had held. positions as yard clerk and i.~terlocking operator before being 
promoted to the position of dispatcher u,~ November 19, 1988. 

The assistant.chief train dispatcher, wh~ arranged the locomotive units
 
.for tl~e movement of Extra 7551 East, worked a regular shift of 10:30 p.m~ to
 
6:30 a.m., 5 days a week. He had been off :~ty for 16 hours before reporting 
for ¯duty on the evening of May I] The assistant chief dispatcher Was 
employed by the SP in 3uly of 1970. He held various positions i,,cludlng 
freight clerk, yard clerk, and train order operator until being promoted to 
the position of train dispatcher in 1973. He was promoted to chief train 
dispatcher in August 1975, resigned voluntarily from that position in 
September 1977, and returned to the position of train dispatcher in 
Los Angeles¯ until April 1983. At that time, he exercised his seniority 
options and returned to Bakersfield as a cry.-, dispatcher and worked in that 
capacity until 1985, when he returned to the train dispatcher position. His 
last examination on the operatiag rules was conducted in 1985. 

Calnev Pipeline Dispatche~.--The dispatcher on duty at the time of the
 
pipeline rupture had been employed with the Calnev Pipe Line Company since
 
October 3, ]g~8. He was hired as a pipeline operator, which includes serving
 
{s a relief dispatcher. He was performing the duties of relief dispatcher at
 
the time of the accident.
 

According to the dispatcher, the day of the pipeline rupture was the
 
third day of his work week; he had finished his last shift at 3:00 p.m.the
 
preceding day. On the day of the rupture, he reported for work at 6:45 a.m.
 
He reported¯ the following information: He had been receivin~ his usual
 
amount of rest and was properly rested when he reported for duty. He was not
 
taking any medication on the day of the pipeline rupture, had not consumed
 
alcohol the day before the rupture, and he does not "involve himself" with
 
illicit drugs.
 

The dispatcher had been employed previously with the Paramount Petroleum
 
Cerporation for I0 years, during which time he served as a pumper-pipeline
 
operator, a laboratory teChnici~n,and a crude oil unit operator.
 

(Additional personnel information is in Appendix B.)
 

Southern Pacific Training Programs
 

En~)oeer Training Proqram.--Trainees for the engineer training program 
were selected from employee applications with preferential treatment given to 
those applications submitted by United Transportation Union (UTU) members-
brakemen, switchmen, and hostlers--because of existing labor agreements 
between the SP and the UTU. Those trainees selected initi.~lly en£ered a 
4-week formal training pro)ram during which preliminary air brake, 
mechanical, locomotive, and operating rules are covered both in the classroom 
and in the field. T.he class size for the program nonaally consisted of 
trainees. If the trainees successfully completed examinations midway and at 
the end of the 4-week period,.they then progressed to the next stage, which 
consisted of making 60 road trips with a qualified engineer. A trainee was 



           

  

not assigned to a specific-engineer during this time (labor agreements did

not provide for instructor engineers), and, thus, may have ridden with many
 
different engineers in.the process of completing 60 road trips.. Following
 
the completion of 60 road trips, the trainees .were evaluated by the road
 
foreman of engines on the respective district over which they had been
 
working. If he determined that the trainees had reached a minimum level of
 
proficiency, they were then. scheduled for the final 3-week phase of training
 
at the company’s training facility in Cerritos,.California: I week consisted
 
of 40 hours of classroom instruction; the last 2 weeks consisted of I/2 day
 
of classroom instruction and 1/2 day of simulator training. If the trainees 
-successfully passed all three written examinations (one each on air brakes,
 
mechanical systems, and operating rules) and demonstrated train handling
 
skills as observed in the train simulator, they were then promoted to the
 
position of locomotive engineer and received.a seniority date. An engineer
 
was not qualified for a given territory until the road foreman of engines for
 
the territory had ridden with the engineer for a period of time and had
 
determined that the engineer was knowledgeable of the territory and could
 
adequately handle trains over the territory. (According to the assistant
 
manager of training and development, the number of times a road foreman of
 
engines would ride with an engineer varied based on the level of skills of
 
the engineer.)
 

The SP also had in place a I-week and a 2-week continuing education
 
program during which time engineers returned to the Cerritos facility for
 
refresher training. The I-week program consisted primarily of reviewing
 
train handling skills (.I/2 day in the classroom and I/? day in the simulator)
 
and was geared for engineers who worked in heavy-grade territory or
 
mountainous terrain. During the 2-wsek program, train handling skills were
 
reviewed, and the mechanical systems on the loco~otive and the operating
 
rules book were also reviewed The engineers were not confronted with a ....
 
pass/fail situation upon completing the continuing education programs, lhe
 
superintendent of an engineer’s respective division received a report or~ the
 
engineer’s . performance both on the simulator and on the written
 
examinations. The superintenden~ could then use the information to determine
 
if the road foreman of engines should spend additional time with a particular
 
engineer. - ................ ._
 

The head-end engineer of Extr~ 7551 East entered the engineer’s
 
training program on October 20, |986. After successfully completing the
 
2-week classroom or "presimu]ator" training-course, he attended the 3-week
 
training course held at the training center in Cerritos. After successfully

completing 1 ~k of classroo~ instruction and 2 weeks of simulator training
 
at the center, he was promoted to the position of engineer on November 28,

1986.. The engineer returned to the training center in January.1988 for the
 
1-week continuing education program to receive additional instruction on

heav~-grade operations. The engineer successfully completed both the
 
classroom portion and ~he simulator training portion of the program..
 

The head-end engineer of Extra 7551 East testified that he had never
 
been trained on procedures concerning the reversing of engines, had never

received instruction concerning the effects of extended brake application on
 
the deterioration of brake shoes, had never received instruction regarding
 



train handling Id~ile receiving helper engine assistance, and had never been~ placed tn an e~ergency situation during simolator training. He further
!. stated that he was not taught during training how to recover dynamic brakes
) after an e~ergency application of the train brakes had been made.
f~. 
L The helper engineer entered the engineer’s training program on 
~ August 13, 1979. He successfully completed the final phase, 1 ~ek of 

classroom instruction and 2 weeks of sim~lator training,, before being~ 
~!	 promoted to the position of engineer on November 5, 1979. He returned to the 

tratntng center in Cerrttos tn July ]~8 and successfully completed a 2-week~ continuing education program. The belper engineer testified that during hts 
~. training, the company rule that addressed reversing the ~ngines was discussed 
I:	 in situations involving ~ltght engines or just a couple of cars, low speeds."

He further testified that during this simulator training, .they operated 
trains with helper units. He stated, "...you are trained to take and Just go
by what the road engineer requests. Nomally, it ts standard procedure just 

. to go in full dynamics, unless he requests otherwise, and-stay there in fullI dynaml cs." 

~ According to Sf’s assistant m~nager for training of.engineers, reversing
 
). the engines was not taught during any aspect of the training program "because
 
~ with the train in e~mrgency, we do not allo~ the engineer to attempt to reset
 
~ the PC switch before the train comes to a halt." His testimony also 

indicated that emergency situations incorporated intothe simulator training~ ~- were predicated on. the premise that once the brakes are applied in emergency,

!’ the train will stop.- With respect to helper engine service, the assistant
 
!. manager for training ¯stated, "The extent of our instruction to people as far
 
~- as being helper engineers is push as hard as you can up the hill and hold
 
~. back as.hard as you can going down the hi]l and if the road engineer asks you
 
t to do something, do it."
 

O|~patche~ Tretntnq Program.--The SP was training its dispatchers at

[ its training center in Cerritos. According to the training officer for


dispatchers, the existing program had been in place for about I 1/2 years. 
~
~. Candidates for t_he dispatcher position entered an 8-week training course that 
~ incorporated the use of the same Omp~t-eri~ed dispatching equipment that~the ...... 
~ individual would use once assigned to an office. After passing the final 
!/: examination on the classroom portion of training, candidates were sent to a

dispatching office where they began their on-the-job training. There was no 
set period of time that trainess were required to perform on-the-job 
training. The chief train dispatcher determined when an individual was
qualified for a particulardispatcher’s position. 

The dispatcher, who had operational responsibility over the Mojave
Subdivision and was on duty at the time of the derailment, successfully 
completed the 8÷week dispatcher training program on August 19, 1988. She
then received on-the-job instruction from an experienced dispatcher for 
3 months before being qualified to operate independently as a dispatcher. 
The assistant ~hief dispatcher, who assigned the locomotive units for the
movement of Extra 7551 East, had not been through, the Cerritos dispatcher 
training program; his training for the position of dispatcher was all on-the-
Job training.
 



C]erk Tra~n!n~ Proqram.--The yard clerks who estimated the weight of
the cars at thr time the cars were released and the yard clerk who estimzted 
the .weight of the trona on the shipper’s bill of lading had received no
formal instructions regarding their duties, according to their testimony. 
All training had been on-the-Job training with other clerks. According to
the director of system clerical operations, "It’s not always feasible to give 
th¢~e people classroom, training ~hen, in fact, they lay be trained i, ~ 
classroom for Z weeks and then have somebody exercise their seniority
against them or they bid to another position... " He estimated that about 
20 percent of the clerks ~ere receiving classroom instruction and that SP 

hoped to raise that percentage to between 30 and 50 percent. According to
his testimony, it was standard procedure that any time a clerk estimated a 
weight on the waybill, some notation on the waybill was needed to indicate 
that the ~eight was estimated. He further testified that more and more
shippers were dealing directly with the billing office in Los Angeles rather
than dealing with yard clerks in the various outlying areas. 

Calnev Pipeline Dispatcher Training Prograa 

The primary function of a Calnev pipeline dispatcher was to operate and 
monitor the pipeline through use of a computer-based operating system. This 
computer system monitored the condition of the pipeline and incorporated
.several safety mechanisms that would automatically shut down the system in 
the event of an emergency. 

According to Calnev’s manager of operations, there were no written 
criteria the company followed in selecting an individual for the position of 
dispatcher. The employee turnover rate was low, and individuals filling the
positions of dispatcher normally came from within the company and were 
knowledgeable of Calnev’s operations and procedures. 

A trainee received an overview of the Calnev pipeline system and was 
then paired with the on-duty day shift dispatcher, who was responsible for
 

-- --the trainee’s ~n~the-job training.- ....... The duration of on-the-job training
¯ varied with the individual. According to the manager of operations, an
 
individual experienced in Calnev’s operations might only require 2 months of
 
on-the-job training before being allowed to dispatch while other individuals
 
who were not as knowledgeable might require up to 6 months of on-the-job
 
training.
 

The on-duty dispatcher provided updates on the trainer’s performance to
 
the terminal supervisor and the manager of operations. After a 6-month
 
period, a trainee received a written performance appraisal. After a trainee
 
had completed on-the-job training and had shown a competent working
 
knowledge of the system, the dispatcher was monitored while operating the
 
system alone. Performance was monitored continually by an event recording
 
system, which recorded every keystroke entered on the computer by the
 
dispatcher and all alarms received during the employee’s shift. The event
 
recorder printout was reviewed by company officers after an occurrence
 
involving unusual circumstances.
 



  

To supplement on-the-Job training, the trainee was exposed to several

On-going training programs. These programs included monthly ~eetings

co~ern~ safety and operations, revi~ and co.lotion of the o~rator
 
trlini,g ~nual, and special tralni~ s~inars. The operator training ~nual

"was a :;elf-pac~, self-inst~ctlona1 two-vol~ d~nt that cover~ a wide
 
variety of pipeline o~ratlonal-p~ures. Trainees reviewed these ~nuals

~ile on duty, a chapter at a ti~., ~en the individuals believed they had
 
~dequately revl~ the cha~ter, they were exa~In~ on the material. A

c~any officer a~iniste~ the ex~ and ~vi~ed all incorrect_responses
 
with the trainees. Train.s ~re to c~lete all chapters and ass~lat~

tests during their first year of ~lo~nt.
 

lhe dispatcher on duty at the tl~ of the rupture received his ~-mnth

perforce appraisal on March 30, 1989, with the rating of "meets ~st
 
perfo~ance requir~nts." His instructor had described the dispatcher’s
 
ability to lea~ ~terial as "sl~" at that ti~ but attributed this to the

dispatcher’s refinery rather than pipeline background. The instructor add~
 
that as ti~ passe, the dispatcher "quite easily" learned the proof

operating and dispatching proc~ures.
 

~~ faciflc ~nag~nt Oversl~t of ,Train O~rations
 

,’ The SF’s road forth of engines was responsible fo) the di~t

supervision of engineers operating over his particular territory. ~e
foresan of engines, ~ose territory was involved in the train derail~nt,

testifi~ that he ~as res~nsible for 35 to 55 engineers, depending on the

nu~er of helper units in service and the ~unt of train traffic. Acco~ing

to his testi~ny, in addition to the required ~les examinations, rules

c~liance was ~asured through efficiency testing, train rides, review of

event recorders, and general observation. 

The road foreman of engines for the territory Involved ~n the train
derai]~nt testified that ~ef~c~ency tests ~ere_..c.on~uct~d 7 or 8 days a mnth ..........
and that 50 percent of that ti~ ~ould ~ devoted to checking s~

vlo]at~ons through use of radar. The other 50 percent ~as devot~ to

efficiency testing of other operating rules. According to the road foreman,

there uas no set policy on the nu~r of efficiency tests to be made on grade

operations or through the use of radar. With respect to train rides, the,

road fo~n testifi~ that he ~ould ride .ith each engineer at least once or
 
twice a year or mre if the engineer,was experiencing problems. Again, the~

was no ~itten policy r~ardtng the nu~r of check rtdes that had to ~

made. ~cording to the ~ad for~an, he-reviewed 15 to 20 speed tapes ~

~nth, s~ of ~hich ~ere reviewed ~ith the engineer if the road forth had
 
s~ concern a.~ut the engineer’s perfoma~e.
 

The SP institut~ a d~rit syst~for ~les violations as one ~th~

of disciplinary action ~co~ing to the road foreman, an e~loyee could

accumulate up to 90 d~rits before sus~nsion or disciplinary action was

initia~. He stat~ further, hoover, that if an ~loyee had acc~lat~
 



           

                                                     

Establish inspection, maintenance, and test requirements to 
demonstrate and maintain the proper functioning of check valves 
installed in pipeline systems. 

On November 13, 1989, RSPA responded to the Safety Board’s 
recommendations stating: 

An Alert Bulletin has been issued that alerts all hazardous liquid 
pipeline operators to test in critical locations all check valves
for proper closure and recommends the replacement of any check 
valve that fails to close properly. Also, the advisory recommends 
that valves located in noncritical areas be inspected for operation 
at the first opportunity the valves can be bypassed or otherwise 
taken out of operational service. (The full text of the alert 
bulletin is contained in appendix L.) 

We have initiated a study- to determine the feasibility of
 
establishing inspection, maintenance, .-and test requirements to
 
demonstrate and maintain the proper functioning of check valves
 
installed in pipeline systems. We plan to complete this study
 
within 9 months.. If the study supports a need for such a
 
regulation, we will initiaterulemaking.
 

Based on RSPA’s response to the Board’s recommendations, Safety 
Recommendations P-89-5 and -6 have been classified as "Open--Acceptable 
Alternate Action" and "Open--Acceptable Action," respectively. 

Neteorological Information
 

At 7:30 a.m. on May 12, 1989, at the Norton Air Force Base, located
 
about 4 miles from the accident site, the sky was clear with a temperature of
 
57 degrees- F. Visibilit~was- reported as I5-~miles. 3imilar -weather 
conditions existed at the time of the pipeline rupture.
 

Medical and P~thological Information 

Trai~ Derailment.--Two children, ages 7 and 9, suffered fatal injuries 
when the train derailed and hopper cars struck their house, at 2348 Duffy 
Street (see figure ]I). Postmortem examinations indicated that both children
died of suffocation and compressional asphyxia. 

The head-end engineer of Extra 7551 East sustained a .4-inch laceration 
of the left upper arm, multiple rib fractures on the left. side with
pneumothorax, and multiple abrasions and contusions. He was admitted to the
intensive care unit at St. Bernardine Hospital where he was treatedand later 
released. 

The two crev~nembers located in the last helper engine reported receiving 
minor injuries. Immediate medical attention was not sought, and there are no
 
records to indicate injuries or treatment. 


~ 
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As an agent for OPS, when CSFN detects a violation of 49 CFR 195, it 
advises ors of the findings. Based on its review of the information provided 
by CSFH, OPS determines if enforcement action is warranted, the type of
action warranted, and ~tlether or not to pursue further action. According to 
a representative from the CSFM, in this arrangement, CSFH serves to detect 
noncompliance but has no regulatory authority in resolving any noncompliance
detected. Testimony from the division chief for pipeline safety operations 
at CSFM indicated, however, that CSFM could request an operator to take
corrective action without first consulting OPS if an immediate risk to public 
safety existed. 

The San Bernardino deputy fire chief (tncidsnt commander) testifed that
although he had been contacted by a representative from the C~FH on the day 
of the derailment, he was not made aware of the presence or activities of the
CSFM during the days following the train derailment. Testimony from the 
division chief of pipeline safety operations indicated that representatives
from the CSFM were on site through May 16, were in contact with Calnev 
personnel throughout this time conce~¢tng cleanup operations and inspection 
of the pipeline, and relayed information concerning activities at the
derailment site to the ors’ regional office in Colorado. According to his
testimony, OPS did not instruct-CSFM to take any actions at the site, CSFM 
representatives on site were satisfied with Calnev’s inspections, and based 
on Calnev’s assessment of the integrity of the pipel’tne, CSFM did not request
Calnev to.take any further action. He stated also that CSFH was ,;ot aware of 
any request by the deputy fire chief to fully expose and inspect the pipeline 
in the derailment area. The division chief further testified that 
representatives from CSFM routinely worked with pipeline personnel rather 
than fire department personnel, but that CSFM had initiated a program
subsequent to the pipeline rupture to Contact the fire departments within the 
State of California to inform them of CSFM’s role in and responsibilities for 
liquid pipelines. 

Following the pipeline ~upture, representatives from the CSFM and from
OPS were dispatched to the scene o.f the accident. The deputy fire chief 
-stated that he~wasiade aware of their-presence-and was routinely-updated on 
.their activities during the days following the rupture. (The actions taken 
by the ors following the pipeline rupture have been previously discussed.) 

On August 9, 1989, as a ¯result of its preliminary investigation of the
 
pipeline rupture, the Safety Board issued the following two Safety
 
Recommendations to the Research and Special Programs Administration:
 

P-89-5 

Require pipeline operators that have ~All-Clear Check Valves"
 
manufactured by the Wheatley Company installed in their pipeline
 
systems to test these valves for proper closure and require the
 
replacement of any that fail to close properly.
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60 demerits, an assessment of the. employee’s performance was made. For each 
month that no violations were incJrred, two and one-half demerits were
 
removed from the employee’s record.
 

SP’s records indicated that in the 12 months prior to the train
 
derailment, the head-end engineer had successfully passed 68 of 70 efficiency
 
¯ tests conducted. His records indicated two instances of disciplinary action.
 
On March 31, 1986, he was cited-for exceeding maximum authorized speed
 
(29 mph in a 25-mph zone) while serving as fireman during helper engine

service. He waived a formal investigation and received 30 demerits. The 
second instance involved his failure to properly connect locomotives on 
February 13, 1988. Again, he waived a formal investigation and received 30 
demerits.
 

SP’s records indicated that in the 12 months prior to the train 
derailment, the helper engineer had successfully passed all 63 efficiency 
tests conducted¯. His records indicated no instances of disciplinary action.
 

None of the crew~mbers involved in the train derailment on May 12,
 
1989, were cited for disciplinary action. According to the general manager
 
for the Western Region,-one reason for not taking any disciplinary action was
 
because of. the false information provided to the traincrew. He testified,
 
"...it would not have seemed appropriate due to al! the outside factors to
cite this crew .... It would have been very difficult to establish the 
complicity of the.crew as far as the runaway train."
 

Industry Pipeline Standards and Federal Regulations 

When the construction of the Calnev pipeline began in 1969, there were 
no Federal regulations in effect that addressed the operation, inspection, 
and maintenance of. liquid pipelines. Industry-recommended standards, 
Americzn Standards Association (ASA) Code B31.4 - "Liquid Petroleum 
Transportation Piping System" (as revised in 1966), addressed design, 
construction, inspection, testing, operation, and maintenance considerations, 
which~Tiqu~d petroleum operators were encouraged"--to -follow. Selected 
provisions of the code are contained in Appendix I. 

Federal authority to regulate liquid pipeline carriers for safety
 
purposes has existed since March 4, 1921, and was vested originally in the
 
Interstate Commerce Commission (ICC). In 1967, this authority was
 
transferred to the FRA of the U.S. Department of Transportation (DOT), and
 
shortly thereafter, the first Federal safety regulations for liquid pipelines
 
were issued requiring only the reporting of accidents (49 CFR 180.28). 

In August 1968, the Natural Gas Pipeline Safety Act of 1968 was enacted, 
and the Office of Pipeline Safety (OPS) within the DOT was established to
 
develop safety standards for natural gas pipelines and to provide technical 
advice to the FRA on matters relating to liquid pipelines. On. September 29,
 
1969, the FRA issued regulations for liquid pipelines, 49 CFR Part_Ig5. (The

regulations did not apply to pipelines already constructed or under 
construction.) Many of the provisions of the regulations were based on the 
existing industry standards, including the 1966 edition of the ASA Code 
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B31.4. Pertinent p~ovisions of Part 195 are. contained in Appendix a. Only a

fe~ substantive changes have been made to these particular provisions since

the regulations were issued in 1969.
 

~ Code ~1.8, "Gas Transmission and Distribution Piping Systems," is
 
the industry standa~ for the natural gas industry. Code []I.8, unlike Cede

-,I.4, had established design standers based on the surroundi~ population.
 
In determining the population density, the n~r of buildings intended for

hmman occupancy within a I/4-mile e~osure distance on each side of a gas
 
pipeline route was to be considered. Initially, these standers applied only
 
to the original installation of pipelines, and ~xllflcations were not

required men the population adjacent to the pipeline increased. However,
 
the 1968 edition of Code ~I.$ recommended that gas pipeline operators
 
continually survey their pipelines, and that for pipelines operating in
 
excess of 40 percent of the specified yield strength of the pipe, operators

confirm the adequacy of the design or reduce pressure in the pipeline when ,.~.
prescribed population densities were exceeded. Additionally, Code B31.8 (as

revised in 1968) based the frequency of several tests required for acceptance

of newly installed pipeline, and of several inspections required of pipelines

in operation, on the population densities adjacent to a pipeline.
 

The first Federal regulations for natural gas pipelines,

49 CFR Part 192, were published on August 19, 1970, and were primarily based

on the lg68-edition of Code B31.8. Pertinent provisions ofPart 192,

specifically the population-based spacing requirements for valves on natural

gas transmission lines, are contained in Appendix K.
 

Oversight of Calnev’s Pipeline Operations 

The Calnev pipeline involved in the train derailment and the subsequent

pipeline rupture is an interstate liquid pipeline. Federal regulations

addressing interstate pipelines, as contained in 49 CFR Part 195, are

currently administered by OPS within the Research and Special Programs

Administration (RSPA), a part ofthe DOT 31 The Office of the California

~tate Fire Marsh~ ~SFM) has authorit-y-f~r the regulation;-inspection, and

enforcement of intrastate pipelines. On January 1, 1987, the CSFH signed an

agreement with OPS that stipulates that the CSFH will act as an agent for OPS

for inspecting and monitoring interstate pipelines ~ithin the State of

California to determine compliance with certain provisions of 49 CFR Pa~t
 
195. Because construction of the Calnev pipeline began in 1969, the

provisions of 49 CFR 195 were not yet in effect; thus, the design, materials,

installation (including the location of valves), and initial testing

requirements do not apply to this pipeline. However, the provisions for

reporting accident and safety-related conditions and for the operation an~

maintenance of the pipeline do apply. 

31 On August 22° 1972, the U.S. 0epertaent of Transportatio~ Act 

amended to transfer the authority of the FRA to cBrry out the liquid pipeline
 
safety functions to the Secretary of ~ransportation.
 



  

A resident at~ 232~ Ouffy Street (see figure Ii) sustained ~ultiple 
injuries, including a right compound fracture of the femur, a large 
laceration of the right knee, and a compressed spinal fracture when several 
hopper cars struck his house. This resident was trapped for about 15 hours 
before being rescued and transported to a local hospital. 

The conductor of Extra 7551 East, who was located in the lead engine 
.unit, 8278, and the brakeman who was located in the third engine unit, 7549,
 
suffered fatal injuries as a result of the derailment. Postmortem
 
examinations indicated that. both crewmembers died o~ multiple traumatic
 

Pi~ltne Rupture.--Two residents, one of whom was in her house at 2327 
Duffy Street and the other in her backyard at 2315 Dully Street (see 
figure I]), sustained fatal injuries as a result of the fire. 

Three residents received serious injuries, second and third degree
 
burns, while escaping from their burning homes.. Sixteen other residents
 
reported minor" burns and shortness of breath from smoke inhalation. One
 
firefighter reported burning his foot while fighting the fire.
 

One person, who was not a local resident, received multiple rib
 
fractures in an automobile accident while attempting to make a U-turn to
 
avoid the fire resulting from the pipeline rupture. Three other persons, who
 
also were not local .residents, reported minor injuries, including lacerations
 
and contusions, while attempting to drive away from the fire.
 

Toxicological Information 

In accordance with current FRA requirements, toxicological samples were
 
obtained from all five crewmembers of Extra 7B51 East. These samples (blood
 
and urine specimens from the surviving crewmembers,~,z and blood, urine, and
 
tissue ~pecimens from-~he~deceased crewmembers) were forwarded_to ~nd
 
examined by the Center for Human Toxicology (CHT) in Salt Lake City, Utah.
 
Additionally, in accordance with SP operating procedures, a second urine
 
specimen was collected from each of the surviving-crewmembers and forwarded
 
to an alternate contract laboratory facility, Roche Biomedical Laboratories,
 
Incorporated (RBL)~ for examination. The specimens examined by CHT and RBL
 
were negative for alcohol and other drugs.
 

The train dispatcher on duty at the time of the train derailment was not
 
requested to submit to toxicological testing. Calnev’s pipeline dispatcher
 
on duty at the time of the pipeline rupture was not requested to submit to
 
toxicological testing. Calnev did not have a policy regarding postaccident
 
toxicological testing of employees. Calnev employees, however, were required
 
to submit to drug testing before being hired. Testimony by Calnev’s manager
 

32 Samp&es from ~he he~d-end engineer, ~he he|per engineer, ~nd the 

10:18 e.m., on the day of the accident. 



                             

           

  

            

of operations indicated that .Calnev was aware that the company would be
 
required by Federal regulation to implement a drug testing program in the
 
near future. "
 

Southern Pacific’s Physical Examination Policy
 

SP’s physical examination policy requires all employees to submit to a
 
physical examination when they are hired. With the exception of engineers.
 
there is no requirement that employees submit to further examinations after 

that date. Engineers must undergo a physical examination at the time they
 
are promoted to the position of engineer. They are not required to submit to
 
another examination until they reach the age of 40, at which time they Rust
 
then undergo a physical examination every 5 years until the age of 60. At
 
60, an engineer must then receive an annual physical examination. At age 65,
 
engineers are required to undergo semiannual examinations. (Physical
 
examination dates of the SP employees are contained in Appendix B.)
 

Tests and Research 

Event Recorders.--The multi-event recorders recovered from head-end 
locomotive units 7549, 7551, and 8278 were sent to the Salty Board’s 
laboratory in Washington, D C., for readout and evaluation.
 

The type of recorders installed on th~ SP locomotive units involved in
 
the accident were designed to record speeds up to 90 miles per hour (mph}.
 
The three stripcharts generated from the event recorders indicated that the
 
train speed exceeded 90 mph. Because the physical limit of these stripcharts
 
was exceeded, the maxim:~ speed of the train could not be determined based on
 
the original recorded values. To determine the maximum speed attained,
 
additional stripcharts were generated using a method that reduces the
 
recorded speed values to half their original values (appendix M). Actual
 
values at any point on the stripchart are then obtained by doubling the
 
iadicated speed.~3 - The results i~icat~ that the train..probab~y reached a ............
 
speed of 110 mph before derailing.
 

By reviewing the stripchart generated from the information recorded from
 
unit 754g, Safety Board investigators attempted to determine ~f the dynamic
 
braking on that unit was functioning. If the dynamic brakes on a (ocomotive
 
unit are functioning, whenever an engineer uses dynamic braking,
 
corresponding amperage activity should occur and be recorded on the
 
stripchart. A review of the stripchart indicated that unit 7549 went into
 
dynamic braking on 15 occasions during the previou~ 30 hours of operation;
 
however, the expected corresponding amperage activity was recorded on only 2
 
occasions. Both instances of recorded amperage activity occurred before
 
Extra 7551 East reached Hiland. The SP chief mechanical officer testified, 

"...I do not have [the] degree of confidence in the reconstructed tape that
 
[the general road foreman] does because of the difficulty we’ve experienced
 
with the tape cartridges. It’s not uncommon to have them not record on a
 

53 Since the effect of the hetf-speed process on the other parameters is 

unknoMn, the strlpcharts shoutd be used to determine train speed onty. 
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channel." The genera~ road foreman testified ~h~z based on his review of the
 
stripchart for unit 7549, "During th~ ti~e that the train descended the hill
 
fro~ Highland, the dyna:lic brake did not wcrk"
 

The ~vent recorde,- printout indicated that service braking
 
{air/mechanical brakes) ~ccurred for more than 25 minutes-as the train
 
descended the hill fro~ Hiland. According to information obtained from a
 
brake shoe manufacturer, "Composition brake shoe binders start to decompose
 
at temperatures between ~00 degrees F and 800 degrees F, provided this
 
elevated temperature is s,~stained. If comuosition brtke shoe temperatures
 
are sustained for an extended period of time (20 minutes or greater) above
 
700 degrees. F and decomposition takes place, the shoe will continue to
 
produce high frictional values with small losses as the result of heat fade."
 

Trai~n__O.ynamics Analyzer R~ns.--On August 15, 1989, six simulations of
 
the movem~a~ of ~rain Extra 7551 East d~wn the 2.2 percent grade from Hiland
 
were conductzo on a Freightmaster Train Dynamics Analyzer in Fort Worth,
 
Texas. O~erating para~neters, including air brake reductions and. speeds, were
 
based e-.,. the informztion.contained on the stripchar~ made from.t~,e event
 
recorder data pack reproved from SP 1551 /u~lowing t~e derai-!ment. As stated
 
by SP’s general road for~mo~, who observed the si~ulatio,s with Safety Board
 
investigators, "Test one is the only test that we could run that would allnY
 
us to go down the hill i~ the same manner that this t~ain went down the
 
and make t~e air brake Feductions as they were made on the stri~ chart."
 
Test one w~s ,n~de with !2 ~xles of dynamic braking on the head-end loco~otive
 
units, 6 axles of dynamic ~raking on the helper units, and with a tra~ling
 
tonnage uf abcut 8,900 tons. The brake shoe efficiency was purposely
 
degrad{d during the run with the level of degradation and the location ~f
 
degradation estimated as follow~:
 

.Perce~t
 
Mile Post Location  Brake Shoe Efficiency
 

469 75
 

474.7 55 
475 50
 
480.7
 

The general road fo(.eman of engines recounted the res~Its of the ~imulatic~,
 
"We maintained the 30m~"~s an hour with the reductions that w~ mad~ on the
 
strip chart and then as the sp~ed started ~ncre~sing on the strip chart, we
 
started br~ke deterioration in Lhe simulations a~d thingsdeteriorate~ fr,m
 
that point on .... the train obtained approximately 105 miles per ho~r."
 

Test four was conducted with 12 axles of dynamic braking on the head-end
 
of the train, 12 axles of dynamic braking on the re~~ end: and e tra~liag
 
tonnage of about 6,150 tons. These parameters represent t~e number o~ axles
 
~f dynamic braking and the tonnage that the he~d. end engineer-believed
 
existed for Extra 7551 East. The simulation revealed that th~ ~rain was
 
controlled and the speed maintained under-30 mph co=ing down the hil~.
 



           

           

The other four tests were stopped when the train could not be controlled 
coming down the hill by using the parameters from the event recorders. 

!nstrumepted_ Brake Shoe Tests.--On June 12, 13, and 14, 1989, SP 
conducted brake shoe tests on SP cars equipped with empty/load devices and on 
CRGW cars not equipped with the devices. The tests were conducted to 
determine braking forces on cars similar to the cars that were in the 
accident. By replacing the actual brake shoe with an. instrumented brake 
shoe, accurate measurements of the forces applied to the wheel could bemade.. 
According to the SP’s chief mechanical officer, the tests confirmed that the 
SP cars had "...a braking ratio of I .... " 

Train VibratAon Study.--At the request of the Safety Board, the Test and 
Engineering Center of Failure Analysis Associates, an engineering ~nd 
scientific consulting service, conducted tests at the accident site to 
measure and record vibration and strain levels to determine if the passage of 
trains induced vibration or strain in the buried pipeline, As stated in the 
introduction to the report prepared by Failure Analysis Associates, "...an 
instrumentation system was assembled to provide a measure of the vertical and 
lateral acceleration at two locations and axial and hoop strains at two 
locations on the pipe." Data were acquired for a 24-hour period during which 
time nine trains passed through the area. In addition, consist and engine 
log-data were acquired from the SP for several of these trains. After 
analyzing the data collected, Failure Analysis Associates concluded, "...it 
does not appear that the passage of trains, at the speeds observed, imparts a 
measurable strain or vibration in the pipeline." 

Soil Inspection Report.--On May 25, the day of the pipeline rupture, 
Calnev contracted with Converse Consultants, a geo-technical and 
environmental consulting organization, to perform work in the area of the 
pipeline rupture. As stated in its August 30, 1989, ~’eport of findings 
(appendix N), Converse Consultants’ investigation "...was performed to 
evaluate the subsurface conditions in the vicinity of the pipeline rupture in 
order to locate areas where the soils may have been disturbed by excavating 
equipment. It is our understanding that excavating equipment may have ~en ._ 
utilized in the vicinity of the pipe rupture during Calnev post.derailment 
pipe inspection and/or during-.clean-up of the derailment debris."__A_.total~_. 
of 14 tests were conducted; tests I through 4 (figure 16) were performed .
within .the area of the rupture, and tests 5 through 14 were conducted in an 
area ("control area") where Converse Consultants believed there had been no
excavation or disturbance of the soil. According to Converse Consultants’ 
report, tests of samples taken at locations I through 4 indicated 
"...disturbed or poorly compacted earth materials...and contained significant 
quantities of the mineral trona." Tests of samples taken at locaions 5 
through 14 indicated that the earth materials had not been. recently 
disturbed. The tests indicated no presence of the material trona at these 
locations. A representative from Converse Consultants testified, "...my 
interpretation and conclusion is. that the materials, backfill materials, 
which prior to the derailment would have been just clean, natural ~oils 
without the presence of trona, had become cootaminated with trona by means of -~. 
excavation and replacement, probably as backfill or certainly as materials 
that had been exposed to trona and mixed, by ~hatever means." 





Met~llurqical Testinq.--Two ]4-inchoutside diameter (OD) pipe sections,
 
one measuring 44 inches long and containing a rupture and one about 41 inches
 
long, were taken to the Safety Board’~ materials laboratory in Washington,
 
D.C., for examination. The two sections of pipe had been adjacent to each
 
other before they were cut apart. As received in the Board’s laboratory, the
 
pipe contained directional arrows and a.marking along the top of the section
 
to indicate orientation of the pipe in the ground before removal. Arrows
 
and "S" denoted the north and south directions, respectively (figure 17). A
 
longitudinal marking across the sections at the transverse cut .signified the
 

: top of the pipe and the matching rotational positions of the two sections
 
’ relative to each other. Yellow grid line markings had been made on the OD
 
.... surface around the rupture area. Subsequent notes supplied by Failure
 
!,. Analysis Associates (the metallurgical consultants contracted by the SP to
 
~ examine the pipe) indicated that these markings denoted positions where

!-~ thickness measurements had been made on the pipe. Arrow "x" in figure 18

i:
 indicates a location where the wall thickness measured the thinnest at
 

about 0.249 inch, which was confirmed .by micrometer measurements in the
 
.~.. Safety Board’s laborato~’. Wall thicknesses of 0.254 inch were also found
 
: in the origin area of the fracture. The wall thickness away from"the
 
.-,~ fracture measured about 0.312 inches.
 

The northern section of pipe contained a gaping rupture on the east side
 
of the pipe (bracket "o" in figure 18). As shown in figure 19, the fracture
 
faces were gaped apart and thepipe was deformed outward.
 

-Examination of-the OD surface of the pipe sections disclosed what
 
appeared to be mechanical damage in the form of depressions or scrapes
 
which, for the most part, were linear. The most severe damage was on the
 
w=orthern section of pipe and in line with the origin of the rupture.
 
Unmarked arrows in figure 18 outline the damage, which was readily visible.
 
This damage produced a visible depression in-the pipe OD surface with a
 
matching, bulge on the inside diameter (ID) surface. The maximum depth of the
 
depression was.estimated to be about 0.18 inch from the original OD shape.
 
The width of the damagewas about 2 inches at its maximum point.
 

Arrows in ~gure 20 outline mechanical -damage to the OD surface on the ....
 
southern section of pipe. This section contained two pronounced areas of
 
elongated damage, the centers of which were 2 to 3 inches apart. Neither of
 
these areas showed appreciable denting into the OD surface.
 

Visual examination of the fracture Surface of the rupture disclosed no
 
evidence of progressive cracking. All fracture features were typical of an
 

~ overstress separation. A pie-shaped section containing the origin area of
 
’. the rupture was excised from the pipe and further sectioned to a specimen
 

size suitable for examination with the aid of a scanning electron microscope
 
(SEM). SEM examination disclosed dimple rupture features throughout the
 
fracture area that were typical of a ductile overstress separation. There-

was no evidence of crack arrest markings or oxidation areas that would
 
indicate a progressive separation.
 



Figure If.--Overall view of the pipe sectons as submitted for ~xamination.
 
Approximately 1/24 magnification.
 

C
 

Figure 18.--Higher magnification view of northern pipe-section containing
 
the rupture (indicated by bracket I, figure 17).
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Figure I9.--Looking north on north section of pipe showing bulge in the pipe
 
at the rupture. Bracket locates gap in rupture.
 

Figure 20.--Higher magnification view of the southern pipe section with
 
mechanical damage outlined by arrowheads.
 



  
M~ny parallel microfissures were noted on .the outside diameter in the 

origin area near the fracture plane. Most of these microfissures were 
extremely small and shallow and, for the most part, detectable only by higher 
magnification. However, some microfissures were readily visible with the 
unaided eye. SEM examlnation of the fractures within these larger 
microfissures disclosed features also representative of an overstress 
separation. 

To better characterize the .mechanical damage to the OD surface, several
 
metallographic sections were prepared that were oriented both transversely
 
and in line (along the length) with the linear depression. Arrows "B’ and
 
"C" in figure 18 indicate the general area where these sec¢ions were
 
prepared. The sections were etched and examined along the OD surface for
 
evidence of grain distortion. Except for sporadic highly isolated areas,
 
there was no evidence of grain d!stortion that would signify a direction of
 
deformation. A few very small areas were noted along the OD surface that
 
were indicative of particles impacting the OD surface radially inward with a
 
slight sliding moveme,,~. There was no evidence of grain distortion that
 
would indicate a massive movement of the material in the depression.
 

A section of pipe located south of the rupture and which contained two
 
areas of surface damage-~one near the top centerline and one on the west
 
side--was ~ent to the Southwest Research Institute for metallurgical
 
examination- The principal objectives of the examination were to inspect for
 
the presence of cracks and to identify the direction of surface deformation
 
in the two damaged areas on the sample. A summary of the results follows:
 

I.	 No evidence of any surface cracking was observed on the
 
outside surface of either sample.
 

No significant wall thinning had occurred in either of
 
the scraped areas. The minimum wall thickness measured
 
at the point of most severe damage was 0.3]3 inch, while
 
the undamaged wall thickness was 0.317 inch.
 

__3~lhe pipe had been locally dented--.inward approximately
 
0.I inch at the damaged area near the top centerline
 
(southernmost damage area).
 

4.	 SEM and EDS analyses of the surfaces did not detect any
 
tool-to-pipe metal transfer.
 

5.	 Metallographic sectioning positively identified the
 
direction of surface deformation .in both areas of damage.
 

a.	 Damage near top centerline
 

The direction of surface deformation, was
 
established to be in a mainly southerly
 
direction.
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b. Damage near 270 degree position (west side)
 

The direction of damage was established to k~ 
in a downward and southerly direction. This 
direction is consistent with the nature of the 
coating damage, 

Simu14tton of Exca.yattna E~utment Ooeration~.--On January 16, 1990, in
accordance with a test plan agreed to by all parties, Calnev conducted a 
series ~f field tests to determine the amount of damage that three pieces of 
excavatt~ equipment could inflict on a ]4-inch pipeline. These three pieces 
of equipment that worked in the vicinity of the pipeline between May 12 and
]9, ]g8g, following-the removal of the train cars and locomotives, were a 
Case 580C rubber tire backhoe, a John Deere 690 track excavator, and a
Caterpillar 9I~B front-end loader. 

Two 80-font lengths of pipeline that had been removed from the accident 
site were fll~ed with water and pressurized to 800 psig and buried without
 
anchors to about minimal burial conditions (one was buried to a 4-foot depth
and the other to a 1 1/2-foot depth) that might have been encountered in the 
area of the train derailment during cleanup operations. The backhoe and the 
excavator were owned and operated by the Arizona Pipeline Company, and the
 
front-end loader was owned and operated by Jimco Construction Equipment 
Company, working on behalf of SP. In addition to Safety Board personnel,
representatives from Calnev, the Southern Pacific Transportation Company, the 
California State Fire Marshal’s office, IT Corporation, and the Office-of 
Pipeline Safety were present for these field tests. "
 

The teeth on the Z-foot-wide bucket of the Case 580C backhoe penetrated 
the pipeline coating but could not substantially dent the pipe wall in any of
 
the tests. Running the teeth of the bucket along the top of the pipeline
resulted in shallow "chatter" type scratches in the pipe wall. The bucket of 
the backhoe, with teeth down, was pulled across the top of the pipeline.at
various angles; pulling the bucket across at an angle of 45 degrees resulted 
in the greatest penetration to the pipeline coating and the pipe wall with
 
all five teeth~ef the bucket. Dropping the bucket from a._.6~foot height ~d a
 
Z-foot height and hitting .the pipeline with the back of the bucket did not
 
result in any dents to the pipe wall. Because the hydraulics of the
equipment slowed the bucket speed when dropped from the 6-foot height, the 
damage to the coating was less than the damage that occurred when the bucket
was dropped from the Z-foot height, lhe teeth of the bucket did not 
penetrate or dent the pipe wall when dropped onto the pipeline. 

Running the teeth on .the bucket .of the John Deere 690B excavator along 
the top of the pipeline resulted in chatter type marks in the pipe wall
similar to those made by the Case 580C backhoe. Scraping the side of the 
pipe!ine with the side of the bucket resulted in damage to the pipeline
coating but no dents in the pipe. Two hits on the pipeline with the back of 
a loaded bucket created a dent about 1/16-inch deep in the top of the pipe. 

During thefirst test on the second piece of buried pipeline using the
 
Caterpillar 988B front-end loader, the_~perator dug into the soil covering
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the pipeline and then dragged the back of the bucket over the top of the
pipeline. The operator stated that he did not feel. the equipment hit the
pipeline, and there was no noise at ground level of the equipment striking
the pipeline. After the pipeline was uncovered by hand at this location,
observers saw that two marks physically disturbed the metal, about 2 feet
apart, on the top of the pipeline, Also, coating damage was observed. A
second attempt to drag the back of the bucket over the top of the pipeline
resulted in distinctive marks, ]8 inches apart, to the coating and the pipe
wall. During this second attempt, the operator felt the equipment hit the
pipeline, and the nolse of the equipment striking the pipeline was clearly
heard at ground level. When the side of the bucket was forcefully scraped
along the side of the pipeline in a forward =~tion, damage to the pipe
coating was extensive. Where the coating damage ended, a tooth of the
bucket struck the lower quadrant of the pipeline creating a deep dent. This
action also caused the unanchored pipeline to move 4 inches in
longitudinal direction. When the side of the bucket was scraped along the
side of the pipeline a second time over a S-foot length of the pipeline, a
4-Inch-wide area of coating was removed along the entire length. When the
back of the bucket of the front-end loader was dragged over the top of the
pipeline a third time, two marks, 5 inches apart, were observed along the top
quadrant of the pipeline. There was no visible denting of the pipe at these 
locations. 

Other Information
 

T~atn H~vemen~s -Following th~ Train Derailment and Precedinq th~
Pipeline Rupture.--Between the time the SP opened its rail line for traffic
at 4:00 p.m. on May 16, 1989, and the time of the pipeline rupture on May 25, 
1989, 34 trains and 1 light engine were operated eastbound, and 39 trains and

] light engine were operated westbound.
 

Aqreement. Betwee~ the.. Southern pacific and City of San.. Bernardino

Fqllowin~ the Irain Derailment.--An agreement between the Southern Pacific
 
and the City of San Bernardino relative to the train derailment of May 12,
 
1989, was .presented .at the Safety Board’s public hearing in August 1989

(appendix 0). I-n-ed-dTtion to outlining-the obligations ofthb-railroad with
 
respect to the property destroyed or damagedas a result of the train

derailment, the agreement provided that Southern Pacific, rather than the
 
City, would be responsible for any reimbursement claims by Ca]nev.
 
agreement further stated:
 

It is further hereby acknowledged and agreed by the parties that a

Cal-New34 gas line runs adjacent to -the location of the
 
derailment; that the hea]th, safety and welfare of the persons in
 
the vicinity of the derailment requires that such line be fully
 
exposed to allow visual and other examination to the satisfaction
 
of the City Fire Department. As between City and Railroad,

Railroad shall bear all costs incurred thereby and for replacement
 

3& The Safety Board verified at the public hearing that the ter~ =Cat

=eva= used in the agreement does refer to the Carney PipeLine Company. 
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of the line. Railroad’s obligation to Ca1-Neva shall be determined
 
by the contract between Ca1-Neva and Railroad, if any.
 

This agreementmay be amended only in writing by and between the
 
parties hereto.
 

The agreement was signed on May 17, I989, by the general manager of SP’s
 
Western Region and the City Attorney for San Bernardino.
 

The deputy fire chief (incident comander), who stated that he had
 
expressed the desir~ to Calnev’s manager of operations during the imediate
 
days following the train derailment that the pipeline be fully exposed and
 
inspected, testified that he was not made aware of the provision of the
 
.agreement until June II, 1989. According to his testimony, it was his
 
understanding that he did not have the authority to require Calnev to expose 
and inspect the pipeline and that only the State Fire Marshal’s Office
 
through the Office of Pipeline Safety had that authority. Thedeputy fire
 
chief stated that he did not make his desire known to the State Fire
 
Marshal’s Office. The deputy fire chief terminated his command of the
 
emergency response to the train derailment on May 15, 1989.
 

The generai manager of SP’s Western Region testified that when he signed
 
the agreement, it was his belief that the inspection outlined in the
 
agreement had been performed.. Calnev’s manager of operation~ testified that
 
he was not aware of any agreement between the City and SP regarding the
 
exposure and inspection of the pipeline and that there had been no contract
 
between Calnev and SP. He testified also that, based on his understanding of
 
the right-of-way agreement between SP. and Calnev, SP could have requested
 
Calnev to expose and inspect the pipeline. Testimony from the SP’s general
 
manager indicates that a request to fully expose and inspect the pipeline was
 
never made to Calnev.
 

Developmen~_..ofl..LBnd Adjacent tp the SP Railroad aqd the Calnev
Pipeline.--The area affected by the May t2 derailment and the May 25 

_	 pipelin~ rupture was planned in 1955 for residential use, and the subdivision
plat-was recorded wit~--Sa~Bernardino Count~on November 10, -1955: On 
October 1, ]957, tile subdivision was annexed by the City of San Bernardino 
and incorporated within the city limits. In 1967, the SP constructed the 
portion of its railroad where the train derailment occurred, and at that 
time, no houses were located on Duff}’ Street. 

By October 1967, houses had been constructed within the eastern portion 
of the subdivision, but no houses were on either side of that portion of
 
Duffy Street that paralleled the proposed railroad. In IgGg and 1970, when
 
the Calnev pipeline was constructed along the eastern edge of the SP right-

of-way, no houses had yet been erected on that portion of Ouffy Street that
 
paralleled the railroad; only a few houses had been built within-the
 
subdivision. According to recolloctions of long-term residents, intensive
 
construction within the area occurred from 1970 to 1972.
 

The City of San Bernardino’s General Plan for land use is a policy
 
document that establishes goals, objectives, and policies for the future.
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The specific standards for a development are to be guided by this Plan and
 
included in the zoning ordinances or development codes. The subject of land
 
use control because of its proximity to railroad mainline tracks or to high
 
pressure liquid or other pipelines is not specifically addressed.
 

Before these accidents, the City had developed a proposed revision to
 
its -Plan, subsequently conducted ¯public hearings on the. proposal, and
 
approved a revised plan. A statement within the proposal advised that, in
 
part, this plan is a foundation policy document that defines the framework
 
for decisions by the City on the use of its land for the protection of
 
residents from natural and human-caused hazards. Neither the proposal nor
 
the newly adopted plan specifically addressed the use of land near mainline
 
railroads or high pressure pipelines.
 

Disaster Preparedness.--San Bernardino County, about 20,000 square miles
 
in size, is located in the southeastern portion of California. Within the
 
county are 20 incorporated cities with the heaviest concentration of
 
population in the west-central portion. The county’s population is more than
 
I million.
 

The County of San Bernardino, the district fire agencies, and the
 
municipal fire departments are signatories .to the State of California’s
 
Ma~ter Mutual Aid Plan to combat emergency situations that may develop and
 
that are beyond .the control of any one agency. In addition, many of the
 
agencies have developed local, mutual aid and automatic ~id agreements. To
 
maximize the resources within the County and to assist in the coordination of
 
such resources, a Mutual Aid System was developed that divides the County
 
into 10 zones. The SP train derailment occurred in what is designated in the
 
Mutual Aid Plan as Zone 2.
 

Zone 2, or the "East Valley" area is served by eight agencies in the
 
east end of the San Bernardino Valley (figure 21). Resources of the agencies
 
in Zone 2 include: 83 fire response vehicles, 28 specialty units and squads,
 
and 6 pieces of specialized equipment. Within Zone 2 are 526 full-time
 
fi~efi~hters and 25 reserve ~irefighters. - ..............
 

The San Bernardino County Communications Center located in Rialto
¯
 
serves as the Zone 2 Emergency Communications Center. The Communications
 
Center is responsible for emergency dispatch functions for the San Bernardino
 
County Fire Agency-Central Valley District and the Rialto and Loma Linda Fire
 
Departments. Separate dispatch centers are maintained by the fire
 
departments of the City of San Bernardino and Norton-Air Force Base and by
 
the. County Fire Warden.
 

Train ~erailments over Pipelin~F.--The California State Fire Marshal’s
 
Office has maintained records on pipeline failures since it began regulating 
hazardous liquid pipelines in 1984. On March 9, 1989, a butane car derailed
 
at the Tosco Refinery in Martinez, California, and struck and ruptured an
 
above-ground pipeline. No injuries, fire, or explosion resulted from the
 
accident. In another recorded incident at Montclair, California, on
 





  

December 19, 1988, an axle from a "rail car truck" had made a small hole in
 
the 20-inch-diameterpipeline of the Southern Pacific Pipe Line Company;. the
 
pipeline ran parallel to the railroad tracks.
 

On June 27, 1989 a locomotive was being used to switch the order of
 
rail cars at a Union Pacific Railroad yard at Las Vegas, Nevada. About
 
8:30 a.m., Pacific daylight time, 34 rail cars were being.moved when the
 
leading 9 cars and the trailing 12 cars derailed with several rail cars
 
overturning on top of two Calnev petroleum products pipelines. The 6-inch
 
pipeline located on one side of the rail line contained jet fuel, and the
 
8-inch pipeline on the opposite side of the rail line contained g~soline.
 
Both pipelines were under about 600 psig pressure and both were buried 4 to
 
5 feet below the ground surface.
 

Pipeline inspection personnel from both .the Nevada Public Service
 
Commission and .the Office of Pipeline Safety responded to the Las Vegas
 

¯ accident to monitor the removal of rail cars,.to require inspection of both
 
pipelines to determine if the pipelines had been damaged and to determine if
 
they were safe to return to service. The Office of Pipeline Safety required
 
Calnev to fully uncover and visually inspect the pipelines for possible
 
damage and then required Calnev to hydrostatically test the pipelines through
 
the area of the derailment. The Office of Pipeline Safety advised the Safety
 
Board that it had established as a policy that pipelines potentially damaged
 
by a derailment would be both visuall~ examined and subjected to a
 
hydrostatic test before they could be returned to service, if OPS believes
 
there is potential for harm to life or property.
 

The Safety Board requested that the Santa Fe Pacific Pipelines Company
 
(formerly the Southern Pacific Pipelines Company)~ provide records of any
 
derailments over pipelines and their results. Santa Fe advised that
 
55 percent of its 3,300-mile pipeline system-was installed along railroad
 
rights-of-way and that between 1966 and ]989, 121 train derailments had
 
occurred over its pipeline. The Santa Fe.has. never experienced any damage
 

~as a result o.f a. train derailment where the pipe was-.buried 3 feet or more .........
 
below ground. However, it did experience damage to its pipeline during the
 
derailment clear!ng operations for the Montclair accident.
 

On June 20, 1989, the California Senate Committee on Toxics and Public
 
Safety Management and the California Assembly ~elect Committee on Hazardous
 
Materials and Pipeline Safety held a joint public hearing -.on the
 
San Bernardino accidents. As a result of that hearing, Assembly .Bill No.. 385
 
was passed and signed into law. The bill calls for the California State Fire
 
Marshal to conduct and prepare a risk assessment study addressing hazardous
 
liquid pipelines within 500 feet of a railroad track. The study is to te
 
completed by January 1, ~991,
 

35 As a resutt of mergers subsequent to the Nontctai~, Catlfornia0
 
accident, Southern Pacifi	 Pipet~nes became the Santa Fe Pacific Pipe|~nes
 



                                                                          

ANALYSIS
 

General .~
 

When the Calnev 14-inch liquid petroleum pipeline ruptured on May 25,
 
1989, in the immediate are~ where a Southern Pacific freight train had
 
derailed 13 days earlier, the Safety ~oard’s investigation ~eve]oped a
 
bifold focus: (I) to determine the factors that led to the train de~ailment
 
on May 12, 1989; and (2) to determine the factors that led to the pipeline
 
rupture, including the effect, if any, that the train derailment and the
 
postderailment wreckage clearance and pipeline inspection activities haJ in
 
causing the pipeline to rupture. To facilitate a discussion of the accident
 
investigation, -this report will address first those issues that relate
 
exclusively to the train derailment; second, those issues pertinent to the
 
time period between the train derailment and the pipeline rupture; third,
 
those-issues that relate exclusively to the pipeline rupture; and fourth,
 
those issues germane to both the train derailment and the pipeline rupture,
 
such as emergency response.
 

No anomalies or deficiencies in the trac~ structure., track ~eometry, or
 
signals were noted that would have contributed to the train derailment. The
 
crew~nembers of Extra 7551 East were qualified by the Southern Pacific for
 
their respective positions. " The Calnev pipeline dispatcher on duty atthe
 
time of the pipeline rupture had SuCcessfully completed the training program
 
established by the company. Weather was not considered a factor in either
 
the train derailment or the pipeline rupture.
 

The Train Derailment
 

The investigation of the .train derailment on May !2, )989, ~veal~ that
 
when Extra 7551 East crested the hill at Hiland to descend the 2.2-percent
 
grade, the head-end engineer believed he had a trailing tonnage of 6,150 tons
 
and 69 tons per operative brake, based on the tonnage profile that had been
 
giYen-to him at the_Mojave yard office~_an_~_24 axles (four 6-axle units) of
 
dynamic brakes, based on his assumption that two of the head-end locomotive ..............
 
units and the two helper locomotive units had functioning dynamic brakes.
 
Based on this information, the operating rules required that th~ engineer
 
crest the hill at 5 mph under the maximum speed allowed, 30 ~ph, and not
 
exceed the maximum speed during the descer.t. The general road foreman
 
testified, and the results of the train dynamics analyzer tests corroborated,
 
that the engineer should have been able to easily control the train and
 
maintain a speed of 30 mph down the grade with 24 axles of dynamic brakes and
 
a trailing tonnage, of 6,150 tons.. The Safety Board’s investigation,
 
therefore, examined (I) the accuracy of the information--particularly the
 
number of axles of functioning dynamic brakes and the trailing tonnage--on
 
which the engineer based his operation of the train, and (2) whether or not
 
the engineer’s acceptance of this information as being accurate was
 
reasonable. The investigation then attempted to determ(ne what action, if
 
any, the engineer could have taken to control the train down the 2.2-percent
 
grade or to prevent the train from derailing given the information that was
 
provided to him.
 



Axles of IL-y,~ami~ Brakes.--The Safety Board examin~ the
evidence to determine the actual condition of the dy,~-mic brakes on all six ._
units. The head-end engir, aer ~n~ the ~eIper engineer we_~e ri~ing ~n the . 
first unit of t~e h~ad-end consist, SP 8278, ar, d the last v.t.it of the 
consist, SP 7443, respectively. ,-heir tes~imeny i~dicaf.es t~at the dyna~nic
 
brakes on ti~ese two units were functi~nir.g. Alsa, a r~ad~ut of the eve,~.t
 ..~
 
recorder data fro,,; u~it SP 8278 verifies that the dyna,~,ic brakes ~:; t~Lt u~.it
 
were functicring. Altl,ough u~it SP 7443 was ~,nt e~uippe~ with an
 
recorder, the Safety Board believes that the testimony of the h~Iner ~neer -
is sufficient to conclude that the dynamic.brakes on that unit w~re ~!so
 
functior, ing. The second un,t i~. the head-end ce:~sist, .~P 7.5~, w.--s
 
consist, and the first unit in ~he h~Iper consist, SP 8317, whi~e op~.ra÷in~
 
in power, had its dynamic brakes cut out and tagg~i. 5~sed on th,~ physics!
 
evidence and th~ testimony of the two engineers. ~e Safety Boar--, cO[,c!udes
 
that the dynamic brakes on ui:its SP 8278 and SP 7443 wcre functioning w.+,ereas
 
the dynam,c brakes on units SP 7551 and SP 8317 were not functioning wh~_n the
 
trai~, began descending the 2.2-percent grade.
 

The _ Safety Board received conflictir, g- informa~-icn regarding the
 
condition of the dynamic brakes nn the r~mair~ing two units, ’~P 7.. and
 
SP 9340. The head-end brakeman was riding ~n the third unit, SP ?549. of the
 
head-e.nd consist. A~c~rdiP.9 to the hea~-end er.~ireer, ~e aske6 ire he~_.a-~n.d
 
brakem~.n about the zondition of the ~ynamic-brakes om that unit, a.-x~ the
 
head-end brakeman replied, "its revving." A~cording to the SP°s chief
 
mechanical officer, even though a ~nit ’;revs" in dynamic; one cannot be
 
certain that the dyr, amic brakes on the unit ~re actually functioning "without
 
checl~"ng the ammeter reading in tFe cab of the locomotive it, question. The
 
inquiry by the head-end engineer should ~=,ve prompted ~ con$cie~tiou.
brakeman to report any malfunction of the dynamic brakes. The lack o= any
 
further comment by the he~d-end brakeman su.~gests i;K~_t either he was not
 
attentive or that the dynamic brakes were functioninu. Although ~,her~ is no
 
evidence to suggest that the bead-end brakeman was inattentive, the ~afety
 
Board could not rule.out_ that possibili~. ~ engi~.ee."s f=_%lur, e re~:rt of ...........
 
May 4,-19e9, B days before the derailment, i~,~’.cated, a dynamic b~ ~ke I~il~re.
 
.on SP 7~49 because o,~ a stuck motor-brak~ng switch. Ai~hough this 6ef~ct was
 
corr~cted, the chief mechanical officer testified fha~ this type of Jefect
 
could easily recur. Therefore, the pos~ibil ~t)’ .;x~ts that t~,e mator-br~.king
 
switch became s~uck after the he~d-~r,~ brakeman observed that the br~.kes were
 
"revving." Data fr~m ~;he event record~.r of SP 754g ~ndi~:ate~ no amperage in
 
dynamic brakin.e ~s the train descended the hill. The gene:a~ roa~ fmreman
 
tmstifi~J that, based on this information, he believe.~ t~,at-the d~mamir.
 
brakes on unit SP 7~49 were not functioni~,g ~hen the train des~er.dmd the
 
hill. The chief mechani-~l officer testified, however, tl;at because :-f p~st
 
experience wi~h the cartridges ;?rom the event recorders not recording
 
accurately, the lack of a recording .~s not sufficie~,t evidence to conclude
 
that the dynamic brakes w~re not functioning:
 

According to the ~lead-end engineer, the dynamic brakes on unit SP .)~4
were ’intermittent" when ne operated the unit from Fleta to ,Moja,.e before the
 
lor.omotives were repo~itioned for the e~.stbound trip *~rc;~.<jh the Caj(n
 
that is "it would load and then the dynamics would drop ouz." Based on a
 
review of worksheets provided by SP, extensive ~iynamic brake .,ork had been
 



perfomed on Unit SP 9340 between April-27 and Apr|l 29, ]989. During th|s
ttae, several dynamic braking gr|ds and a grid blower were replaced to
correct a prevtous.]y reported dynamic brake defect. According to the chief
lechan|cal officer, based on this extensive ~rk, the unit should have had
functioning d~nam|c brakes during the descent from Htland. 

The results of the train dynamics analyzer tests |ndtcated that in order
to replicate the acctdent sequence, tnclud|ng brake pipe reductions and
speed, a train with a trat~tng tonnage of 8,900 tons would have required the
equivalent of three locomotive units ~ith functioning dynamic brakes.
Although the Safety Board concludes that ~hen Extra 7551 East I~gan its
descent froa Hi,and, only three of the stx locomotive untts had functioning
dynaatc brakes, the Board could not determine, based on the available
evidence, t~hether this tota] of three units involved ~e full dynamics 
either SP 7549 or SP 9340, or a combination of the two. 

¯ ~After the operating crew of Extra 7551 East picked up-their three-unit
locomotive consist at the Ho~ave yard, they determined that one of the
locomotive, units was not operating. During the movement of the fou~-untt
locomotive consist to pick up the 69 loaded cars of trona, the head-e,d
engineer became aware that the dynamic, brakes on one of the locomotive units
~ere functioning only Intermittently.. ~hen the two-unit ~ocomottve helper
consist coupled onto.the rear of Extra 7551 East at Oban, the dynamic brakes
on only one unit ($P 7443) were functioning. ?he helper engineer testified
that he did not inform either the dispatcher or the head-end engineer because
the d~namtc brakes on the other unit (SP 8317) were not functioning ~hen he
took contro] of the consist and thus he believed the tnfonaatton had been 
relayed to the dispatcher by the engineer whom he relieved. 

~hen Extra 7551 East departed Oban, the he~d~end engineer ask~ the 
help~-f"~nginee~-tf, he-had "...all of your dynamics.~ ~hen the helper
engineer responded, "Yeah, I’m in full," the head-end engineer believed that
both helper ]oco~ot|ve units had functioning dynamic brakes. Therefore, the
head-end engineer believed that he had at ]east four units with fully
functiona~ dynamic brakes. A~though the Safety Board is concerned about the
lack of communication among the assistant chief dispatcher, the helper
engineer, and the head-end engineer regarding the condition of the dynamic
brakes on the six locomotive units, the head-end engineer’s belief that he
had four units with functioning d~namic brakes was reasonable, under the
circumstances. 

T~tlln~ Tonnage.--The Lake Htner~ls Corporation had shipped an average 
of only88 tons per rail car ~hen it had intended to ship 100 tons per car on
the one previous occasion that it had shipped, trona by rail, To avoid
repeat of that situation and also to avoid having excess material at the
destination, Lake Hinerals requested that the loading contractor at Rosamond
install a sensing device on the front-end loader to measure the amount of
material that was being loaded into the hopper cars. According to the
superintendent of Lake Htnerals, the accuracy o~ the sensing device had been
te~ted and he was confident that each of the 69 hopper cars contained

.approxt.ute]~. ]O0.tons of trona. ~herefore,,the Safety Board concludes that
the 69 hopper cars loaded at Rosamond each contained approximately ]on tons 



of aroma fo~* a Iota! ]edtng. weight o~ about 6,900 tons. Eiven the total
light weight, of the 69 cars was 2,130 tons,, the.Safety Board cooc]udes that
the total trailing tonnage of the train was about 9,000 tons. 

At the tim the cars were loaded and moved to the siding at F]eta, SP
procedures required that yard clerks release Lake Minerals Corporation fro~
the. i)~r dim charge for e~pty cars by accessing SP’s coaputer systm and
entering tnfomatton into the car file of the co~uter systel, locludtng the
estli~ted tonnage of the car lading. The yard clerks estt~ktted ~at they
thought to have been the weight of the mater|a1 in the car, bel|evtng that
the esttmted welght they entered ~ould be overridden by the proper wight
~hen the shipper’s btll of lading was later received at the btllimj office in
Los Angeles, and the co~put~.r system’s car file updated wtth that
|nfomatton. The ~ard clerks had routinely estimated the weights olr cars 
that were being released and had no reason to believe in this i,stance that 
the estimated weights would not be replaced with the-actual wetght as
provided by the shipper. The yard clerks’ actions, while ultimately a factor
tn the tnfon~ation provided to the traincre, concerning the weight of_ their
train, were onsistent ~tth accepted SP practices for releasing cars.
Although one-;yard clerk testified that it was necessary to esttuate .as
closely as posstble the actual weight of the material, he :ould not provide a
reason why. Because all cars were loaded with about the same amount of
¯ aterta~, the estimated weights of 50 tons each for 32 cars, 75 tons each 
for 15 cars, and 60 tons each for 22 cars suggest, however, that there wes no 
consistent method for estimating the actual weight of material at the time
cars were being released. The Safety Board concludes that the established 
practice of estimating weights at the time the cars were released, coupled
with the belief that these weights would be changed at a later time. created
a potentially hazardous situation in which yard c~erks were merely satisfying
a re~lUi.Eement~o_f the SP computer system in order to obtain a release of ~he 
affected cars. 

The bill of lading su~tted by the superintendent of Lakes Minerals
Corporation to a shipping c~erk at SP’s yard office at Mo~ave did not
indicate the weights of the cars. The document was reviewed and sig~ed b~_
both the shipping lerk and the superintendent, but testimony indicates there
was no discussion regarding the lack of ~e~ght information. Accordimj to the
shipping clerk, he realized, after the superintendent had left the office,
that the billing office in Los Angeles would require a weight to be listed on
the document. After an unsuccessful attempt to contact Lake Iqinera]s
Corporation about the ve~.ghts of the cars, he estimated the weight of each
car to I~ 60 tons and wrote the figure ~f ]Z0,000 pounds per car on the bil~
of lading. Contrary to company procedures, however, he did not indicate on
the bill of lading that the weight listed was an estimated ueight. The
clerk’s actions, particularly because he had never before received a bill of
lading without the weights provided, again indicate an unsafe practice in
preparing train documents. 

The investigation revealed that the tonnage prorate document generated
by SP’s computer system and given .to traincre~s ~as based, in part, on
information contained in the car file of the system. Because of the design 
of the computer system, when the billing c~e~k received the shipper’s bill of 



lading without an tndlc~[ion that the weights listnd were est|~tnd weights, 
the bi111ng clerk ~l the optton of entering the bill of lading |afor~ttcm 
into the casputer system by listing either the total, shipment weight In the
war,bill file of the system or by listing the :ndlvtdual weight of each car 
in the car ftle of the system. Because the btlltng clerk chose to list the
total shtpmnt wetght .into the waybill file, the weights estimated and 
previously entered into the car file of the co~uter system by the yard 
clerks ~hen the hopper cars were releasnd ~ere not overridden; thes~ weights
rmatned in the car file. The Safety Board, therefore, concludes that the 
tonnage profile decment later generated and gtven to the operatteg cm of 
¯ Extra 75S| East at the yard office in MoJave contained the Incorrect trail|rig
tonnage of 6,1~0 tons based on the ~elghts estimated by the yard clerks at 
the tim the cars were releasnd, rather than the correct tralltng t~nage of
9,000 tons (the wetght of the arena and the light ~etght of the cars). 

Had the billing clerk electnd the other method to enter the bi11 of 
lndtng Infomtton into the computer syste=, the shipping clerk’s estimated
weights of each car. ~ould have overridden the weights previously estl~atnd by 
the yard clerks and entered into the car file. Consequently, the tofmage 
profile given to the operating cre~ ~ould still have Indicated that the
tratltng tonnage was less than it actually was.by about 2,760 tons (40 t~s 
mlttplted by 69 cars). Had the shipping clerk Indicated that Um ~etghts
listed on the bill of ladtng were esttsatnd ~etghts, the billing clerk ~ould 
have had to verify the true weight of the lading before entering the 
infomat|on into the cemputer. Therefore, the shipping clerk’s failure to
indicate that the ~eights listed on the bill of lading ~ere estimated ~etghts 
contributed to the accident. The billing clerk’s decision to enter the total
shipment ~etght rather than the-individual weight of each car was tnf’lue~ed 
by the runner In which the weight tnformtion was provided and, ~erefore, 
not considered ~a-factor fn-this.acctdent. Nevertheless, the Safe~.~Board ~s 
concerned about the ~rncedures for enterinS bill of lading infomatton ~
addresses this issue in more detail later tn the report. 

The Investigation detemined that the 38 SP .cars in the train consist
were equipped with empty-load devices. According to timetable tr~trocticms 
tn effect at the time of the accident, loadnd cars with these devices were to 
be considered the equivalent of ] ]/2 cars in determining tons per operative
brake (t.e., 50 percent additional braking capabt]|ty per car). At the time 
of the train derailment, this information was progra~e~l into the ccu~puter
system, ~htch automatically calculated the tons per operative brae. "f~s 
tnfomatton was listed on the tonnage profile gtven to the crew of ~tra 755] 
East--69 tons per operative brake, b~snd on a tratllng tonnage of 6,]50 toms. 

The results of the brake tests perfomed on SP cars equipped with e~ty
load devices tn June ]989 indicated that the tested cars had a no~lal braking
capability of-1, rather than the I ~/2 capability. The Safety Board 
concludes, therefore, that the tonnage profile given to the head-end crew of 
Extra 755] East contained inaccurate tnfomatton regarding the tons per 
operative brake. Based on the listed trailing tonnage of 6,]50 tons, the 
tons..per.operative brake sheuld have been 11sted as 8~. Further, had the
tonnage proftle correctly listed the trailing tonnage as 9,000 tons, the tons
per operative brake weuld have been listed as 130. Ho~ever, even if a 

’ 



  

       

braktng cq:~btllty of 1; rather than the ] ]/2, h~ been used to calculate

the tons per operative brake, wtth a trailing tonnage of 6,150 tons an~ 24
 
axles of dynamic brakes t[uhtch ts nat the engineer believed he had), the
 
operating rules ~ould still have pemttted Extra 7551 East to be operated

doom the grade.
 

The heaa-et~l engtneer test|fled that he had never on any prevtQus

occaston questioned the paperwork given to hii, inc]udtn9 the tonnage

profile. He.had ~o reason to believe on this occasion that the tonnage
 
profile ¢~talned Inaccurate tnforuatton. Althou9b he had never operated a -.
unit tratn of thts umterlal before, he had operated many trains dram the

grade and had operated tratns w~th tratltng toonJges of about 6,000 tons and

about 9,000 tons. The Safety Board co~cludes that the head-end engineer’s
 
acceptance of the Information conrad.ned on the tonnage profile as being
 
accurate when he received the document was reasonable. 

Extra 7551 East had an actual tra~]ing tonnage ot’ about 9,000 tons, 69
cars calculated with a braktng equivalence of I, and 18 axles (three 
locoumtlve units) of dynmtc braktng. Consequently, the train ~ould have had .
130 tons per operative brake (TPOB) and 500 tons per axle ot~ dynamic brake.
Based on Rule 33 of the company’s operating r~les, Extra 7551 East would not 
have been permitted to be operated dram the 2.2-percent grade. (See
figure 15, arr~ 1.) - . 

In sumuary, the Safety Board concludes that deficiencies in SP’s
 
operating p~ocedures tn estimating the umights of cars at the time they uere
 
released combined with the method for entering bill of lading |nfor~at|on

into the co~puter resulted tn Inaccurate ~nformation being provided to the
 
bead-end engtneer of Extra 7551 East concerning the trailing tonnage of his

train. These procedures were dtrectly causal to the e~Jineer’s dec|sioo to
 
operate the tt~dlndmm the-2.2-per~ent grade and, consequently, causal to
 

. the train derailment. 

Operatton Of Extra 7551 East Down the 2.2 .percent Grade.--Based on the 
tonnage profile document provided to the engineer and the number of axles of
 
d~maui|c brakes that the engineer believed he had, .timetable ~nstruct.ions

~ndtcated that Extra 7551 East could descend the g.Z-percent grade at a speed
 
not exceeding 30 inph. Accordingto the event recorder data,.Extra 7551 East

crested the h111 at 27 mph. As the speed of the train ~ncreased, the head-

end engineer gredually Increased the brake pipe reduction and eventua11~
 
exceeded one half (13 :bs) the normal full service train brake available

(26 lbs) at IqP 467 to hold the speed at 30..eph. The operating rule in effect

at the time stated that "the amount of brake (train) retarding force used to
 
balance the grade nonua’~ly should not exceed one half (50 percent) of the
 
normal .full service train brake available...." The results of the train
 
djmmtcs ~al),zer tests tnd|cate that the train uould have stopped had the
 
engineer attempted to stop tt at the point he exceeded the 13-]b reduction,

~htch occurred ~hile the t~atn was stall negotiating curves at the top of the
 
hill. The engtneer also testified he believed he could have stopped

tratn at that potnt. The engineer, however, had been able to hold the speed
 
of the tratn at 30 sph by Increasing the brake p~pe reduTt~on and, therefore,
probably had no roason to believe he would not be able to control the train.. 



  

beyond that point. (Not until he increased the brake pipe reduction to 
,’0 lbs ~td he begtn to bec~e concerned about controlling the trath.)
Furthermre, testimony by the bead.end engineer, the helper engineer, the 
gonerel road forerun, and the road foreman of engtnes Indicated that the
operating rule ~as considered a recomended guideline or optton and not 
¯ andatory. Testluon7 also Indicates that engineers apparently had routinely
exceeded the 13-1b reduction and were able to control tratns dram the grade.
The Safety Board notes that after the train derailmnt SP revtsed the 
operating rule to provide rare exp~|ctt dtrectten to operating cre~s. The
Safety Board agrees that rare expltctt direction uas needed and concludes 
that the operating rule tn effect at the tiue of the at;in deratluent
provtded Inadequate guidance to the head-end engineer on the allouable speed 
and brake p|pe reduction dram the 2.2-percent grade and this ~as, therefore, 
a contributingfactor to the derailment. 

The head-end engineer testified that after the helper engtneer placed 
the train brakes in e~ergency,which in essence nullified a~,l d~amtc braking
capability, he believed there were no further options available to hla to
stop or control the train. The Safety Board investigated what Ol~ttons, tf 
any, were available to the head-end _engineer at that point. 

One posstble optton, according to the rules, was for the head-end 
engineer to reverse the engtnes. The Safety Board’s investigation, houever,
revealed that although the SP air brake and train handltng rules addressed 
the procedure to reverse the engines, the head-end engineer had never
received any tratnt,~j on the procedure. Furthermore, the assistant aanager 
for training of engineers testified that this procedure was not taught
because engineers are not allo~ed to reset the PC swttch [an actton that 
weuld be required before the engines could be reversed] before the train 
comes to a halt. He also testified that emergency situations incorporated
into the simulator tratntm~-pr~gr=:~are predicated on the pre~|se that once 
the brakes are applted tn e~ergoncy, the train wtll stop. The Safety Board
notes and ts concerned with this apparent conflict between what is addressed 
in the rules and what is addressed in the tra~ntng program. Hoverer, the
Board bel|eves that certatn questions -~ed to be answered before any ratlroad 
advocates, through train handling rules or in training programs, that engines
be reversed in the event of 3n ~ergency s~tuatton (particularly at high 
speeds). For example, the resu~l~s of reversing the engines at high speeds tn
terns of the destruction to the locomotive operating compartment and uhen 
hazardous materials are entrained are factors that should be considered, in 
vte~ of the foregoing concerns, the Safety Board could not detemtne tf
reversing the engines weuld have been an option for the heed-end engineer of
I~xtra 7551 fast when he rea,ized tha~ ~he train was not slo~ing sufficiently 
in response to brake pipe redu~.tir~ :: 

-~nother possible option for the head-end engineer vould have been to 
recover dynamic braking capabtltt~ after the emergency application of the 
train brakes. Given that the procedure takes about ! 1/2 minutes, the head-
end engineer ~ould have had sufficient time to accomplish this procedure
during the more than 5 minutes that elapsed from the t~me the brakes vere 
placed in emergency until the train derailed. The Safety Board’s
|nvesttgation revealed again, however, that the head-end engineer .had never 

’, 
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recelv~ any training on the procedure to recover dynamic-braking. The

Safety Board recognizes t|bat the effectiveness of dynamic brak.~s above 40 sph 
|$~. substant|a|ly de~’ededl, furth~rm.’e, using the fomula to detem|ne the 
elount of retardatto, of dynlmtc brakes at various speeds, the Safety Board
ca|~l|ated, .based ~fl the Night of the train/force of gravity a~-: the rate of 
acceleration, that t.he retarding force fro~ the dynamic brakes ~uld have 
be~ sintsal ~ed ~luld have had little,
train as it entered the accident curve. Therefore, the Saf:ty Board 
cot~ludes that ~hile the engtneer had sufficient ti~e to recover the dynamic 
brakes, had he done so, .the accident ~ould st|11 have occurred. 

The- Safety Board considered the possibility that the head-end engineer 
could have used retaining valves to operate Extra 7551 East doom the 
2.2-percent grade. The tisetable Instructions indicate, however, that for
trains being operated with operative dynamic brakes down the grad~ between 
Hiland and 1lest Colton, use of retainers is not required if tons per axle of
djma~tc brake do not exceed 37S per standard range or 450 per extended range.. 
Based on the |nfomatton contained on the tonnage proftle document given 
the head-end engineer and based on the number of axles of dynamic brakes that 
the head-end engineer thought he had, the tons per axle of dynamic brake
~ould have been about ;~56 (6,|50 tons dtvlded by 24 axles)--far less than as 
.outlined in the timetable instructions. The Safety Board concludes,
therefore, that the head-end engineer would have had no reason t~ consider 
using retainers before he began descending the grade. 

In sumsary, the Safety Board believes that. the head-end engineer ~uld 
have been able to stop the train only if he had gone to a full service brake
application at the rise he exceeded the 13-lb brake pipe reduction while the 
train was negotiating curves at the top of-the grade. At that tt~e, however, 
the head-end engineer probably ha~ no indication that he would not be able to 
control the speed of the tra_tn~- The~afety Board further believes that after
the engineer reached lip 469 and had used 21 lbs of his air brake pressure, 
there was no pessibtlity of stopping the train. 

Oeral|mnt ~;i)eed.--The initial three stripcharts generated fro~ the 
event recorders tnsta~|ed on three of the lead locomotive units indicated
that the traln speed exceeded 90 ~h--the physical limit of the stripcharts.
 
	~ddltlonal stripcharts ~ere generated; they indicated the .aximu~ speed wa~
 
at least I00 ~h. lhese results are consistent with the testimny of the
 
head-end engineer who believed that the train re),ched I00 ~ph. The Safety
 
Board, therefore, concludes that Extra 7SSI East was traveling at least
 
100 ~h ~en it derailed.
 

(~mmunicatlo~
 

-lhe Safety Board’s investigation revealed serious shortco~ing: in the
 
exchange of pertinent Information a~ong the head-end engineer, the helper
 
eugineer, and the assistant chief dispatcher. In reviewing the co~,unlcatlo,
 
that took )lace. the Safety Board attempted todetermine what information, or
 
la(k thereof, was critical to the operation of Extra 7551 East down the
 
2.I-percent grade. 
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When the helper units couFled onto the rear of Extra 7~51 East at Oban,
 
the helper engtneer knew that one of-the helper units did not h;ve

functtoni,~ dynamic brakes and did nut know the condition of the 
brakes on the lead locomotive units. The helper engineer stat*d that he did

not inform the dispatcher about the lack of functioning dynamic brakes

because the brakes on that unit were not functioning when he took control of

the helper units; he believed that the engineer whom he had relieved would

have informed the dispatcher who, in turn, would have informed the head-end

engineer. The head-end engineer testified that had he been informed that

only one of the helper units had functioning dyn~tc brakes, he probably

would not have operated Extra 755! East any differently beca,se he still

believed that he could.control a train with a trailing tonnage of 6,]S0 tons

with three locomotive units having functioning dynamic brakes.
 

The assistant chief dispatcher arranged the number of locomotive units

for the movement of Extra 755! East based on his calculation that the
 
trailing tonnage was about 8,900 tons. Frthermore, when he was informed that

one of the locomotive units in the yard was dead-in-consist, he altered the 
plan to have the crew picL up an additional locomotive at Palmdale by.
 
ordering the 2-unit helper locomotive to move )o Oban and couple onto the
 
rear of Extra 7551 East--an action that suggests that the dispatcher was

concerned with the number of locomotive units that had been arranged for the

movement of Extra 7551 East. However, in spite of_this concern and even
 
:hough the dispatcher had never in the past recalculated the tonnage to

determine the number of locomotive units needed, he was not prompted to query
 
the crew or access the computer system, which was available at his desk, to

determine the tonnage figure that had been provided. Had he dune so, he

might have realized that a discrepancy existed. Nevertheless, even if the

dispatcher had expressed sot~ concern to the head--end engineer that the

trailing tonnage.of the train might have been abouz 8,900 tons, the head-end
 

--.engineer, in applyi~ rule 33 and bel~vi.~.tha-t-he had 24 axles of dynamic
brakes, ~ould still have concluded that he could operate the train down the 
grade. However, with a trailing tonnage of 8,900 tons and 24 axles of
 
dynamic braking, the engineer would have been required to crest the hill at

]5mph and not exceed20 mph descending the grade. The Safety Board believes

that at those speeds, the brake shoes would probably have not been destroyed

or burned away and that, consequently, the train could have been brought
safely down the grade. Therefore, the failure of the assistant chief
dispatcher to follo~ up on a possible discrepancy regarding the tonnage of
the train contributed to the train derailment. 

The investigation also revealed, that the assistant chief dispatcher was 
primarily concerned with assigning sufficient locomotive units to provide

po~er for mev.tng trains up a grade. Yhe dispatcher testified that he did not
request information from engineers nor did he query the computer system;
engineers were responsible for informing him if dynamic brakes were not
functioning. While the Safety Board agrees that engineers have this
responsibility, the Board also believes that the dispatcher, who is
responsible for the safe movement of trains, should be equally concerned
about providing suffic(ent locomotive units with functioning dynamic brakes 
to bring a train safely down a mountain grade as he is with providing
sufficient po~er to move a train up a mountain grade. Had the assistant 
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chief dispatcher queried the operatin9 crew of Extra 7551 East concerning the
 
status of dynamic brakes, he might.have been prompted to assign an additional

unit to the consist.
 

Consequently, the Safety Board concludes that the. head-end engineer
 
would possibly have altered his decision to operate Extra 7551 East down the
 
grade, only if he-had received accurate information concerning the trailing
 
tonnage figure and in,oration regarding the inoperative dynamic brakes on

one of the helper untts. Neither piece of information alone would have been

stgntftcant enough to alert the engineer that operating down the grade might
 
be unsafe. Therefore, the lack of communication among the assistant chtef

dispatcher~ the helper engineer, and the head-end engineer concerning the
 
trailing tonnage of the train and the. number of locomotive units with
 
inoperative dynamic brakes before the train began descending the grade is
 
considered a factor to the cause of the train derailment. 

There was no communication between the head-end engineer and the helper
 
engineer after the train departed Oban and during the descent down the grade.
 
The helper engineer testified that there was no need for communication

because he could observe the brake pipe gauge_ and determine what action the
 
head-end engineer was taking. When the train speed reached about 40 mph, the
 
helper engineer initiated an emergency brake application without
 
communicating with the hea6-end engineer. Although the head-end engineer
 
testified that he was abGut to initiate an emergency brake application, the
 
Safety Board is concerned that no communication was initiated by either
 
crewmember when it was obvious that an emergency situation was developing.
 

The Safety Board notes that the SP now requires the road and helper

engineer(s) to communicate the condition .of their units and train to 
determine .maximum authorized speed and train handling requirements. The
 

....... Safety-Board recognizes that this ru~e.should_ensure that.the engineers are
 
aware of the condition of the dynamic brakes on the locomotives in their
 
train; the Board remains concerned, however, that vital information, as was
 
evident in this accident, may not be relayed to and from the dispatcher.
 
Apparently Pngineers are required to inform dispatchers of any defective

]oco~tive condition, but the helper engineer in this accident did not make 
sure that the dispatcher had been informed. Further, although the assistant

chief dispatcher in this accident had some concern regarding the accurate
 
tonnage of the train, he did not relay this concern to the operating crew of
 
Extra 7551 East. Therefore, the Safety Board believes that the SP should
 
develop explicit procedures that require the dispatcher and the operating
 
crew.to communicate vital information concerning the cond~tion of the train.
 

Testing Dynamic Brakes 

Despite th~ railroad industry’s emphasis on the use of dynamic brakes to
 
control a train, as reflected in the operating rules, timetable instructions,
 
and engineer training p~ograms, neither the carrier involved in this train
 
derailment, the SP, nor Lhe~FRA required that the 6ynamic brake system on a
 
locomotive be tested or be functional. The Safety Board is concerned that
 
certain rules and special instructions regarding the operation of trains,
 

- particularly inmountain territory, require a train to have a certain number
 

4 



95
 

of axles of dynamic brakes, yet there is no rule to require that the dynamic 
braking system on a locomotive be functional or even tested.
 

Testimony by the head-end engineer revealed, however, that SP personnel 
are familiar with the procedure for testing the dy~lomic brakes. The only
positive method is for someone to read the ammeter in each unit of the 
locomotive consist while m6ving above 15 mph to ensure sufficient current 
while in the dynamic braking mode. This test method, however, was not 
roll,ned before Extra 7551 East began descending the 2.2-percent grade, even
though sufficient dynamic braking was critical to the safe operation of the 
train down the grade. The Safety Board believes that the. status of a system 
as critical to the safe movement of the train at the dynamic brake system
 
should be tested before departure and that testing ¯should be required by both
the FRA and the railroads. The Safety Board does, however, have concern 
about the safety involved with having an employee climb from one locomotive
 
to another while the train is moving. Kith today’s technology, the Safety
 
Board believes that a positive method could be developed to indicate to the
 
operating engineer in the cab of the controlling locomotive, unit the status
 
of the dynamic brakes on all units in the train. Furthermore, the. Safety
 
Board believes that the Federal Railroad Administration and the Association
 
of American Railroads ar{. the appropriate agencies to research this issue and
 
develop an appropriate method for transmitting dynamic brake information to
 
the cab of the controlling locomotive unit. 

Because of conflicting testimony from SP personnel regarding the
 
company’s interpretation of FRA requirements for functioning dynamic brakes,
 
the Safety Board requested that the FRA provide in writing its position on
 
this issue. The FRA responded, "If a dynamic brake or regenerative brake
 
system is in use, that portion of the system in use shall respond to control
 
from the cab of the controlling locomotive." The Safety Board does not agree
 
with FRA’s-further statement that this "makes~l-ear that-both the equipping
 
and -the use of dynamic brake is optional." Moreover, the Safety Board is
 
disappointed with FRA’s position that it will not take exception if a dynamic
 
brake is found inoperative or not operating properly. Given the emphasis ~n
 
dynamic brakes in operating rules, in timetable instructions, and in training
 
programs for engineers, and given the lack of a require~,ent for testing
 
dynamic brakes, the Safety Board firmly believes that if a locomotive is
 
equipped with dynamic brakes, the dynamic brakes should be functional.
 
Consequently, the Safety Board believes that the FRA should revise its
 
regulations accordingly..
 

Event Recorders 

According to SP’s general road foreman, all new locomotives being
 
purchased are equipped with event recorders, and event recorders are being
 
installed on existing locomotives during major overhaul. The investigation
 
of the derailment of Extra 7551 East demonstrates the need for all
 
locomotives to be equipped with event recorders. While the Safety Board
 
obtained pertinent information from the readout of the stripcharts generated
 
froK the event recorders installed on three of the !ead locomotive units,
 
other pertinent data were not available because the two helper locomotive
 
units and the fourth lead unit were not equipped with event recorders. For
 



example, had the helper units been equipped with .event recorders, more 
accurate information would have been available concernin 
helper engineer placed the train b~akes into emergency.. Also, had the fourth
lead unit, unit 9340, been equipped with an event recorder, amperage activity
from dynamic braking should have been recorded; this information would have 
aided in determining whether or not the dynamic brakes on that unit were 
functioning. The Safety Board continues to believe that event recorders are
not only an Invaluable inve;ttgative tool in determining the cause of 
accidents and preventing-future accidents, but also a management tool that 
can be used to monitor compliance, with operating rules, particularly speed

restrictions.. The Safety. Board notes that the SP has established a program
to equip existing locomotives with event recorders. 

The Safety Board’s position regarding the mandatory use of event 
recorders in the railroad industry has .been well documented in previous 
accident investigations, through the issuance of safety recommendations to 
the industry and the FRA, .and in comments on Federal rulemaking proposals. 
The Safety Board addressed the issue of a Federal regulation requiring event
 
recorders .in its investigation of a head-on collision between two Iowa
 
Interstate Railroad freight trains near Altoona, Iowa, on July 30, 1983.36
 
The Board stated:
 

The S~fety Board believes that the Rail Safety Improvement Act of
 
1988 mandates rules requiring event recorders and that it does not
 
give the FRA freedom to decide whether Federal regulatery
 
intervention on this subject is necessary. The Board is concerned,
 
based on the FRA’s past considerations of this issue, that the FRA
 
will arbitrarily decide that Federal regulations are not justified
 
or warranted. The Board believes that the intent of Congress is
 
explicit and that the FRA should take immediate action and issue
 
the_._r~emaking requiring event recorders_i_n the ra~pad, indust.ry.
 

As a result of the Altoona accident, the Safety Board issued-the following
 
safety recommendation to the FRA:
 

B-Bg-5o
 

.Expedite the rulemaking requiring the use of event recorders in the
 
railroad industry.
 

~he FRA has not responded formally to the Board’s recommendation. However,
 
in a recent meeting between FRA and Safety Board staffs, -a~eement was
 
reached on the general principle that some type of ~ecording device should be
 
required to be installed on trains. The FRA and Safety Board staffs will
 
meet further to discuss the parameters of this. issue. In spite of the
 
agreement reached through this cooperative effort, the Safety Board remains
 
concerned that rulemaking activity has not been expedited. Consequently,
 

~6 ~.~|road Accident Rgport--"Heed-on Co~tision between lo~a ln~erstate 

Rsitroad Extrs ~70 West and Extra &06 East w~th Retease of N3zardous 
~ Nateriats, near Attoona# Io~a,.JuLy 30, 1988" (#TSB/RAR*89106). 
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Safety Recon~endation R-89-50 remains in an "Open--Unacceptable Action"
 
status, and the Safety Board reiterates the recommendation as a result of the
 
Board’s investigation of the San Bernardino accident.
 

comPuter-6enerated Tonnage Profile Information 

At the time of the train derailment, the estimation and placement o,
 
weights of loaded cars into the car file of the computer system was an
 
accepted practice on the SP. After the train derailment, SP revised the
 
computer system so that regardless of the weights estimated and placed into
 
the file, the computer will automatically update the tonnage to the maximum
 
capacity of the car. According to the director of clerical operations, the
 
maximum tonnage figure will remain in the car file of the computeruntil the
 
shipper’s bill of .lading is received and only when the bill of lading
 
indicates a shipper-certified weight will the maximum tonnage figure be
 
adjusted to reflect the shipper-certified weight. If an estimated weight is
 
indicated on the shipper’s bill of lading, the maximum tonnage figure will
 
’remain in the car file of the computer system until the car has been weighed.
 
Although the Safety Board notes that the SP has taken steps to improve the
 
system in place at the time of the derailment, the Board remains concerned
 
that inaccurate information concerning the trailing tonnage of-a train can
 
still be generated and given to the operating crew. The curr~nt system does
 
not provide an adequate method of generating accurate trailing tonnage
 
information.
 

Opportunity for error still exists after the computer has automatically
 
updated the tonnage figure to the maximum capacity of the car. If a yard
 
clerk (I) receives a shipper’s bill of lading without weights listed, and
 
(2) estimates the weights without indicating the weights are estimated, when
 
that document is transmitted to the billing office in Los Angeles, the
 
billing clerk could-assume, as occurred in this accid~nt..~_that__the weights.
 
listed are shipper-certified weights. If the billing clerk then elects to
 
list the individual weights, as shown on the document from the yard clerk,
 
the estimated weights would override the maximum tonnage figure that w)s
 
automatically generated at the time the cars were released. Consequently,
 
even with the changes made by SP after the train derailment, a traincrew’s
 
tonnage profile document, which is generated based on information in the car
 
file-of the. computer sytem, could still reflect inaccurate information
 
concerning the trailing tonnage of the train. The Safety Board recognizes
 
that this most likely would occur when a unit train is involved; yet the
 
opportunity for error still exists with the system currently in place.
 
Therefore, ~he Safety .Board believes that the SP should take immediate steps
 
to improve the method of providing accurate trailing tonnage information to
 
traincrews..
 

The use of the maximum tonnage figure until a car has been weighed, in 
the event the shipper’s bill of lading reflects estimated weights, raises 
additional cc ,~rns regarding the efficiency and safety of train operations. 
If the maxim,,~ Lonnage figure remains in the car file of the computer system, 
this informa~,Jn will dictate, in essence, the number of axles of dynamic 
brakes needed to operate a train down a grade. It is conceivable, therefore, 
that the actual weight of a train could be substantially less than what is 



  

indicated on the ~onnage profile documeht, based on the ~axi~ tcnna~e 
figures. As a result,, more locomotive units to provide power ~nd dynam’;c 
braking could be assigned to a train than are. needed. While.th~ margin of 
safety would appear to be increased by this procedure, the Safety Board 
questions whether or not the SP h~s studied the ramifications of this 
procedure in term~ of traincrews becoming overly reliant on the increase in 
power and dynamic braking capability and in terms of operating a railroad 
efficiently. On the other hand, operating personnel may become i~:,-easingly 
wary of a tonnage profile document knowing that the document may not centain 
accurate information concerping tons per operative brake. One additional 
point to co~sider is the overloading of cars. If, for example, each car in a 
unit train is loaded to a weight that is higher than the ~aximum figure 
contained in the computer, the actual trailing tonnage of the train could be 
considerably higher than the weight listed on the tGnnage profile generated 
by the computer. Accordingly, the Safety Board urges the SP to examine the 
ramifications of any method preposed to provide ~ccurate trailing tonnage 
infermation to traincrews.
 

Dynamic Brake!Emergency Interlock
 

The purpose of the interlock that nullified the dy~ami~ brakes after an.
 
emergency application of the air brakes was to prewnt the wheels from
 
sliding. This had some validity when dynamic brBking was n~w and before
 
engineer training became formalized. However, engineers in the industry are
 
now trained to automati-cally release locomotive brakes in ~ trainli~e
 
emergency. Other railroads, such a~ the Union Pacific and the Burlington
 
Northern, recognize the importance of retaining dynamic brakes to ensure t~at
 
some retardation is still available if brake shoes burn away. Consequently,
 
the Safety Board believes that the SP should eliminate the dynamic
 
brake/emergency interlock on all locomotive units to ensure the availability
 
of at least one braking system at all times.
 

Reporting Defective Gonditions on Locomotives
 

The investigation revealed that updating the comFuter system with
 
information regarding defective locomotive conditions did not appear to
 
receive . priority attention. Furthermore, .conflicting testimony by SP
 
personnel suggests that the responsibility for ~pdating the computer had not
 
been weil delineated. According to ;he assistant chief dispatcher involved
 
in this accident, it is not his responsibility to place .that information into
 
the computer. He stated he does so on occasion or gives ~he information to
 
a c~erk in the office who will update the computer when convenient to do so.
 
According to the chief mechanical officer, however, the dispatcher is
 
responsible for updating the computer when he receives informatio~ from
 
engineers concerning locomotive defects. The.Safety Board believes that the
 
computer sysL~m should accurately_ reflect the condition of loco~otiv~ units
 
and that SP should develop a proced{~re to ensure such information is entered
 
into the computer system in a timely ma~ner and to clearly designate the
 
responsibility for doing so.
 



Tratn|ng Frogra~ ~,’or Engineers 

The Safe~.~,, Board’s revie~ of the t~!ntng, pr~ram fo~ engineers
~veal~ thlt, overall, the p~r~ was ~11 conceiv~ ~nd offe~ a balance
of class~ tnst~ctlon and st~lator training. Refresher tratnt~ p~gr~s
~ tlso offe~ wtth the 1-~ek progr~ gelid for engineers
p~n~tl~ tn ~untatnous terratn. The ~a~’s ~nvest~gat~on of thts
accident, h~ver, revealed shortc~ings tn the pr~r~. 

Of conce~ to the Safet~ Board ~as the head-end engineer’s test~mny
that he had never ~n plac~ ~n an ~ency situation durtng s~lator
training. ~e assistant ~nager .for .training testified that ~ency
sttuattons lnco~rat~ tnto the simulator training a~ predtcat~ on the
p~tse that once the brakes a~ app]l~ In m~ency, the train ~111 stop;
cons~uen~ly, .engineers a~ not taught to ~cover their d~nam~c ~rakes after
a, ~enc~ application of the train brakes have ~en made. If the
assistant ~nager’s stat~nt accurately reflects SP’s pos~t~on r~a~tng
st~lator tratn~, the Safet~ Boa~ ~l~eves that SP ts not attatn~
~t~ ~neftt f~ tts simulator training pr~r~. Ourtng si~lator
training, Cre~e~rs should be confronted ~th several o~rattng
para~ters, Including ~ency s~tuations that requ~ the c~rs to
~ke app~prtate d~isions and to take app~pr~ate actions. Contrar~ to ~at
occur~ ~n thts. accident, cre~bers should be tratn~ and tnst~ct~ to
~ as a te~ and c~n~cate to arrive at the mst suitable solutton to the 
~enc~ at hand. ~e Safety Boa~ believes that the head-end engineer of
Extra 7S51 East should have been provided; adequate training and instructions
r~a~ng opttons during ~rgenc~. s~tuat~ons, ~ncluding the recover~ of
dyn~tc brakes. The SP, therefore, should rev~e~ ~ts training pr~ram for
engineers and ~ncorporate emergency s~tuat~ons ~nto the s~mulator port,on of
the pr~ram that ~11 require cre~mbers to respond appropriately to various 
operate- pa-ra~t~ .........
 

Southern Pactf~c Traintng Progr~ for Yard Clerks 

The investigation revealed that ~ard clerks had ~en provtded no fomal
gutdance regaling the weights of various o~od~t~es that we~
transport~ by the SP or ho~ the practice of est~matin3 weights could
possibly affect the safety of train operations. The d~screpancy between the
actual ~ghts of the cars and the ~e~ght~ estimated by the ya~ clerks
~nd~cate that even on-the-job training ~as not acc~pl~sh~ng a d~ree .of
consistency. The Safety Board notes that the change in the computer syst~
and the tenden~ of sht~ers to deal d~rectly ~th the b~l~ng office
Los Angeles r~ther than ~th the clerks ~n outlying areas should m~n~lze the
type of errors ~th the b~11 of lading ~nfot=at~on that occurred ~n th~s
accident. The Safety Board believes, h~ever, that because clerks
outlying areas may continue to receive b~11 of lading ~nfomation
shippers, SP should emphasize .to ~ts employees the ~mportance
(1) obtaining the actual ~e~ghts from sh~ppers, and (Z) the ~mportance of
~nd~cat~ng on the b~11 of lading if the weights l~st~ are sh~pper-cert~f~
or estimated ~e~ghts. Furthe~re, sh~ppers should be alert~ to the
Importance of prov~d~.ng .accurate weight info~ation on the bill of lad~n
they su~t~ ..... 



Southern Pact ftc llanage~ent Oversight of’Train Operations 

SP’s oversight of tra|n operat|ons ts primarily accmaplished t~ough
efficiency testtn9, train rtdes, and a review of event recorders. Ho~ever,
the Investigation also revealed that there ts no consistent ~ethod or witten
poltc~y regarding the number and types of eff|c~ency tests that are to be =ade
(particularly .on grade operations), no pol|cy regarding the nu~er of check
rtdes that should be made with engineers, and no pollcy regarding the
of event recorders. 

The Safety Board ts concerned that vithout spectf~c gutdance or a
~rttten ~ollcy regarding efficiency tests, check r|des, and a review of event
recorders, SP management ~y not de~ect certain operating practices that are
not ~n co~11ance v~th operating rules. For example, Rule 6I.E, i~ effect at
the tim of the tra|n derailment,, stated, "The. amount of brake retardincj
force used to balance the grade nomally should not exceed one hal~
(50 percent) of the normal full servtce train brake-available ~f
brake and pressure ~a~ntalntng are operative." Test~mny by the head-end
e.~tneer Indicated, however, that he had tn the past exceeded 50 percent
the full service train brake available, and that engineers rout|nely ezceeded
the 50 percent. Although testimny-also ~ndicated that this rule was ~ot to
be interpreted as F~andatory, the Safety Board believes that had a specific 
policy regarding oversight of train operations been tn place--t~rough
efficiency checks, check rides, or a revte~ of event recorder tapes--the
practice of exceeding 50 percent of the-full service train brake available
~y have been detected by supervisors and corrective action eay have been
taken. The Safet~..Board believes that riding with an engineer only once a
year or reviewing an event records:" tape only when an apparent violation
occurs ts not adequate supervtsor~ oversight.. Consequently, the Safety Board
bel~e-ve~-that~the SP should review ~ts supervisor:y-oversight 
operations and provide specific guidance regarding e~ficiency tests, check
rides, and the review of event recorder tapes. 

The Safety Board has. previously addressed the ~ssue of supervisory
oversight of tratn operations ~th the SP..- On November 18, 1986, as a result
of ~ts investigation of the derailment on June g, 1985, o~ a St. Lou~s
Southwestern Railway Company freight train near Pine Bluff, Arkansas, the
Safety Board issued the following Sa~et~ Recon~aendation to the SP: 

Provide intensive full-time supervisory oversight, of its mainline
train operations ~ith particular eephasis placed on the enforcement
o~ speed restrictions and operating rules. 

in its response of Sept.ember 8, )9~?, the SP advised the Safety Board, ~n
part, of the following: 

A os~prehensive program to contrel speed as well as overall rules
.. co~liance has been .~n~tiated. ~his pr~gram...includes efficiency

te~ting by all of our o~icers, both individually and as teams~ to 
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tnsure rules coopt_lance both davy and night: Our officers are
required to ~ake a preponderant nu~mr of their tests during hours 
of darkness. 

Te~ test|ng is done by assigning our officers |n groups of four 
~|th one offtcer designated as captain .... They test all areas of
the dtv|sion, on a rando~ basis to ensure no patterns are 
established that ~ould null|fy the surprise element .... 

Our road for~en of engines.are required to ride l,-lS tratnseach 
month, concentrating on those engineers utth lesser skills in train 
handltng techniques, air brakes and rules knowledge. This program
ts designed to upgrade all o/~ our enginemen .to a high level, of 
perfomance .... 

A large percentage of our locomotives are now equipped ~ith event
recorders. The tapes are captured at strategic locations and 
of rhea are read and eYaluated by our ~oad foremen of engines for
speed v|o]atlon and train handling techniques .... 

The safety r~co~mendation was being he]d ~n an "Open--Acceptable Action" 
status pending completion of the Board’s investigation of an accident at
Yuma, Arizona, in ~htch supervisory oversight ~as again raised as an issue. 
The SP tnfomed the Board that as a resu|t of the Yuma accident, the compan~
~as placing an officer on duty 24 hours a day at the Yuma ~vard office. The 
re;u]ts of the investigation of the San Bernardino accident again suggest 
that the SP needs to examine supervisor~ oversight of train operations. In
view of the ne~ safety recommendation being issued in this report, SaFety
Recommendation R-$6-4~ has.. been c~assified as "Closed--Unacceptable
Action/$uperse~nd " 

The head-~-d ’~6gtne~had been qualified over the territory 1).v m~king 
one-trip ~tth a supervisor from Bakersfield to Tehachapi; this trip did not
include the area in ~hich the accident occurred. The Safety Board believes 
that supervisors cannot assess adequately the abi]it~ of engineers to operate 
trains proper|y over. an entire terrttor~ by making one short ride with an 
engineer. In territory ~ith mountainous terrain, supervisors, at a m~ntmum, 
shou]d.ride ~ith an engineer in both directions on the mountain grade before
qua|~fytng ~n engineer for the entt;e territory. Further, the ride should be
perfomed on a ~ra~n tha~ ts c~arab]e ~n size and trai]tng tonnage to those 
t~ptc~]]y ~st difficult to operate on that territory. Consequently, the
Safet~ ~a~ .~teves that the SP should revise t.ts procedures acco~ing]~ 
for qua]tf~i~ engineers. The ~a~ ~]so ~]teves that the F~ should 
pr~gate ~u]~t~ons ~]ong the s~ 

To detemtne ~he cause of the pipeline ~upture on Ha~ 25, ]989, 
Safety ~ard ex~ined the physical d~ge to the .pipeline, revie~ t~ 
~su]ts of re~rts of the ~ta]]u~ica] ex~tnattons of the pipeline,
tns~ctton of so~]~ reco~ings of tratn vibrations; conduct~ field 
sl~]a~ions oF excavating equt~nt operations; and reviewed ~he testt~n~ of 



equipment o~erators and Calnev and SP personnel who were at the accident site 
bet~n tl~e time of the derailment a~ the tlme of the pipeline rupture.

Although the o~currence ~.~ the pipeline rupture in the s~me area where the
train had deratled 13 days earlter immediately raised concern about the
relationship of the-two events, the Safety Board considered the possibility
that tee dmm~e to the pipeline had occurred before the train derailed. The
rlsults of .the metallurgical examination performed at the Safety Board’s
l~boratory indicate that the rupture was not associated with the longitudinal
w~ld. There was no evidence that any heavy equipment had been ~erattng in
the ar~a I~fore ttm train derailment, yet the mechanical dmmege to the pipe
in thee.form:of linear scr~pes and depressions end the d~e to the coating
wore typtr~l .of equtlment-related damage. In view of the I~Ystcal dmm~e to
the pipe ~.~d the lack of any evidence that heavy equtl~ment was o~rattng in
the area before the train derailment, the Safety Board ruled out the
pessibtllty that the damage to the pipe occurred before the train derailed. 

The Safety Board then ex~mtned the possibility that railroad parts from 
derailing eqUll~ment or sections of track m~y have penetrated the native soil
sufficiently to strike and d~mege the pipeline. Testimony and the available
evidence indicates that during the postderatlment inspections of the
pipeline, and during.the inspection of the area follewtng .the plpeli~
r~ture, railroad equtl~ment parts were found in the immediate
although some perts were embedded in the native soil,
.~uffictent m~ss and shape to be suspe:ted of having caused the damage to the
pipeline. 11~ Immediate concern, following the derailment was that if tho
inverted locmm~tive had remtned intact, it may have penetrated the ground as 
much as 3 or 4 feet. When the locomotive was removed, however, it was
determined that the top of the locomotive had been sheared off and that the
loce~ottve remained at ground-level. Also, the location of this locomotive
was south of the rupture area. Further, the Safety Board believes that it 
is unlikely U~Lany. r~lroad debris, coming in contact with_ the pipeline
could have produced the relatively parallel ~arks that were ~oted on the
pipeline in the area of the rupture. Based on the lack of any ratlrond parts
in direct contact with the pipeline and based on the physical d~muge to the
pipeline, indicating excavation equipment-related damage, the Safety Board
ruled out the possibility that railroad parts penetrated the
sufficiently during-tEe derailment sequence to contact and
pipeline. T~e soil consultant’s report strongly ~ndtcates that the are~
where the ru~tul~ o~curr~ had most likely been excavated because of the 
l~se 	~actlon of the soll and the amount of trona material that ws
 
~sened in tho soil. ~is information c~ined with the information
 
qardlng the train parts found near ~e ~ture ~her suppers a findlq

that the pil~e was altar, aged after the train derailment. However, this
 
Infomtion does not help to identify precisely the ti~Ing of t~ dmge to
 
the pipeline after the train derailment.
 

In view of the foMoing, the Safety Board exami~ the activities
 
durIH t~ time ~twoen the trai~ derailment and the pipeline ~ture to

~termlne if the pipeline was damaged (I)durl~ removal of the train

vreckage, (2) during the reacva] of the trona frou ¯over the pipeline,
(:3) during the excavation and Inspection of the pipeline, or (4) during
remeval of, the trone from the derailment area. 

i
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It~qya! of the Tratn II~cka~.--$P cut a breach through the levee and 
brmKjht tn several pieces of. heav7 equtpaent--lncludlng cranes, b~lldozers,
and front-end ¯Ioad, rs--to remve the tretn ¯ vreckage. Although " no
calculations vere male to detemtne the stress tmosed on the ptpel|ne by the
heavy equtpm~It ~rattng over tt, both Calnev and SP personnel testified
they believ~l there yes sufficient cover, vtth the exist|n9 native sot1 and
the spilled trona above the ~’.’~,,ltne to prevent any dmage to the ptpel|ne.
According to the testtkony of on-site personnel, the remval of the tra|n
v~ck~je yes accomplished as planned; no cars or locoaot|ves were dropped or
dragged over the pipeline--el| equipment was lifted and carried o~t to the
other slde~ of the track. The Safety Board, hoverer, considered the
possibility that a piece of equipment, such as a front-end loader vlth teeth
o~ the bucket, m’ have Inadvertently dug deep Into the ground unnoticed.
Equipment. operators stated that excavation equtpeent, Including tvo large
bulldozers, vere vorking diligently tn the area lifttng cars and mvtn9
trona. During that ttae, the terrain was uneven because of.the sp!lled trona
and, c~nsequenty, the exact depth to native sot1 was probably not kno~ to.
the operators of the equipment. Furthermore, because of the ~any pteces of
equipment operating in the area, the h~gh noise level generated bythe heavy
equtpmnt, and the vis|bt1~ty throughout the area restricted by stacked rat1
cars, supervisory personnel unl|kely weald have been able to observe every
uove~ent of the equtpuent operators, part!cularly on Hay 13 uhen ~erat|ons
continued efter dark. Although the 4 to 6 feet of natural cover that existed
over the pipeline at th~s rise should have provided ample protection against
dauage froie the weck~ge clearing operations, some eclutp~ent being operated
vas capable of penetrating the available -~ver. ;~ecause of the
surveillance during the wreck clearing operations, opportunity existed for
equipeent to damage the pipe~ ,he unobserved. 

Reg!oval of Trona Froe-Ove~....the~el~ne.--After the train vreckage
removed, Calnev cut an 8-foot-wide path through the arena to excavate and
inspect the pipeline at those locations ~here railroad partsuay have
penetrated the native soil. To accomplish this, Calnev had to u~rk through
the night of lqay 

The equipment used to re~ove the trona fro~ over the pipelineincluded
John I)eero 6908 excavator and a front-end loader. Although testluony by
Calnev per*.onnel on site indicated that they were never concerned during the
removal of the trona that the Integrity of the ptpe~tne my have been
coep,~xuised, the Safety Board considered the pesstbiltty that the teeth on
the bucket of the 6908 excavator, could have been .the source of the ~tnear and
relatively parallel uarks observed on the ptpellne following tl~..rupture.
(Because the bucke~ on the front-end loader had a smooth edge, it is htghly
unl|kely that the bucket could have produced the relatively parallel uarks
observed on the pipeline.) Testiuony ~nd~cates that the 6908 excavator may
have dug as deep as ~6 inches ~nto the native soil at one location. However,
the depth of the pipeline in thts area vas later detem~ned to have been at a
utntuu~ of 3 1/2 feet, and close to 4 feet. Further, the metallurgical
exmtnatton of a sect|on of p|pe Just south of the ruptured area of the pipe
by the Southwest Research Institute |ndicated that the damage vas established
in a southerly direction. The testtuony also Indicated that the excavato~ 
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vas ~orktng prtearl]y l;, a south to north direction ~htch ~eans that
~. tnfltct~ ~ld ~ve ~n -~n a nor~rly dt~t~on.- Finally, the
d~e p~ by ~ excavator during ~he f~eld s~lat~on~ d~d not

xtmte ~e ~ fo~ on-the pt~1~ne fo11~ng ~he .~p~.~ ~fo~, t~ ~fet~ ~ c~cl~s, ~s~ ~ the available evtd~e, 
t~d~ ~ t~ ~t~1t~ did not ~cur ~en Calnev ~e ~ 8-f~t-~de 
~th ~ ~ t~ t~a f~ over t~ p~lJne ~fo~ the excavat~ and
Ins~tl~ of t~ p1~1t~. 

~t~ to ha~ ~ close ~ the pt~ltne durtng tts excavatiQn a~ ~ns~tion
~s ~ ~ ~ ~ u~ to excavate the pt~1~ at t~ l~att~s
~ ~t1~ ~brts ~ ~trat~ the natlve sotl. At t~se l~attms,
~ pt~1t~ ms ~ca~at~ a~ tns~t~ f~ the 6 o’cl~k ~sttt~ 
cl~tse to ~ 2 o’.cl~k ~sttl~ l~kt~ north, a~ ~ d~ ~ t~
~tt~ or pt~1t~ ~as ~se~. Calnev’s ~na~r of ~ratt~s testifl~
~at t~ a~ of ~tu~ ~ t~ pt.~ rest 1tke17 uas l~at~ ~ ~n are~ ~
Cal~v h~ ~avat~. ~ ~tallu~tca1 ex~tnat~on ~ndtcates ~t ~ ~tnt 
o~ ~ .:ms at t~ ~:30 o’cl~h ~sttt~, altho~h pho~ra~s of the
pi~11~ s~st ~t It ~y have ~n closer ~o the 3 o’cl~k. ~s~tt~.
~ Safety.~ ~11eves that dur~ tts tns~tions had Cal~v ~ove~
t~ ~a of ~ pt~11~ that later ~ptu~, the~ ~uld ha~ ob~ the
d~ge, ~tz~ t~ d~er It ~s~ to ontinued o~ratto~, aM ~v~
the d~g~ ~ton. ~ns~uently, etther Calnev’s ~ns~tons d~d ~t
~over thts a~a suff~ct~tly to ex~se the dmage, or ~f ~t d~d, ~ ~ge
did not exist at that tim. Even. If the exact point ~e~ the p~lt~
eventually ~tu~ ~as not.c~letely uncove~ duri~ the ~cavatt~ a~
~nspectton, t~ ~fety ~ ~11eves that ~f the dm~ge was ln~tc~ du~
the exc~vatt~ of the pl~l~ne, coat~ d~ge on top of the pl~l~ne, at a
ethiC, ~uld have ~n ~se~ ~en the ptpellne was visual17 

........ The Safety ~a~, ~fo~, .c~der~ the.possibility ~at ~e d~ge 
~cur~ ~ the ~c~ backfi11~ the excavation hole after the pJ~l~ne 
was tnsp~t~. Testi~y Indicates that ~ch of the ~ck~i111~
acc~l~sh~ by ha~. H~ver, t~ was a factor and ~ excite the
back~t11~ p~cess, the backhoe my have ~en us~ to ~ach ~n a~ pull the
sotl that vas a~ve a~ ~ the stde o~ the p~11ne; during this p~ess~ the
t~th of ~ ~ket ~ have contact~ a~ d~g~ the ~1~n~.
Fu~~, testimny of the ~l~nt o~rators a~ Calnev’s ~ager of
o~rattons t~cate that the ~ bac~ uas ~rking fr~ ~h to s~th.
C~s~ntly, any d~ge to the p~l~ne frm the t~th of this bac~ ~ld
have r,.~sult~ tn t~ tn~tct~on of d~ge ~n a southerly diction d~ " 
~th the excav~tt~ a~ the bac~11~ng of the hole. ~ts d~m of 
d~ ts c~stst~t ~th the ~sults of the ~tallu~ical e~mtnation b7 the 
~th~st ~a~h institute. 

-~ver, furt~r test!mny by ~ut~nt o~rators a~ t~ ~sults of t~ 
striation of t~ excavating ~nt o~rat~ons s~est that t~ ~
~c~h~ could ~t tn~tct the t~ of d~ge that occu~ ~ the pl~ine.
~ "chatter" t~ mr~ tnfl~ct~ dur~ the striation ~ ~t c~ststent 
ulth t~ ~Tstcal d~ obse~ on ~e plpe. The~[~, ~e Salty ~a~ 
co~l~es that the ~ge.~to the p~pel~ne d~d ~t ~cur ~en the 
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pipeline, SP was aware of the potential for d~mage during the wreckage
 
re~val and cleanup, and it had a responslbillty to prevent damage to the

plpel tne. 

Cmlnev prudently decided to use its ~loyees ~nd its contract personnel
to ~ve the t~nm over the plpeltne and to excavate and inspect the 
plpell~ In areas ~e~ train ~eckage ~netrated the ground. In so doing,
 
Calm. mSnlmlzd-the .p~rtunity for excawtion equi~ent not under Its
 
¢~t~l to d~ge its pauline and affoded the c~pany the opportunity to
 
~temlne If any of the train wreckage had ponetrated the ground to a depth

thl~ ~ hive c~r~is~ the tnt~rtty of the pipeline. However, Calnev
~p~ntly did not id~uately consider the potent$~l for damage that could 

or liter durl~ the ~val of the trona fr~ the accident site. Action to 
p~perly a~ fully assess the condition of the pipeline could h~ve ~en 
~chlev~ by foll~lng one of three procedures: by excavatint ~nd visual!y 
ins~)ctt~ the ehtire ptpeltne through the derailment ~rea after all 
equi~nt had ~en ~v~ from the site, by perfeming ~ hydrostatic test ~t 
a level capable of confiming the integrity of the strength of the pi~, or
by using inte~al ins~ctton instr~nts capable of detecting pipe wall 
~ucttons a~ pipe dieter abno~lit$es. 

To hive ~rfomd a hydrostatic strength test, Calnev would h~ve had to 
r~ve the ~trole~ pr~uct fr~ the pipeline ~nd to have test~ that 
section of pt~l(ne ~t~en Colton aed Cajon Pass, or ~ould had to have taken 
additio,ll ictt~ such ~s separating the pipeline on either side of the 
deratl~nt a~i and hyd~statically testing the pipeline sectt.on thro~h the
derai1~nt area. This ~uld have involved re~val of the water fr= the 
test~ sKtton a~ then reconnecting the tested section to the pipe]ine. To
h~ve us~ the tnte~al inspection inst~nt, Calnev ~ould have had to
install at s~ point d~stre~ of the der~t]~nt ~rea ~ ~ns for receiving
and ~vt~ the Inte~a] tnspectio~~and ~ou]d. have had to place
th~ pt~ltne tn o~ratton at a pressu~ sufficient to ~ve the tnte~al 
-insrectlon Instr~nt though the pipeline to the receiving point. Although

each of the three inspection or test procedures co.ld have been perfo~,
 
vlsuil inspectionof the pipeline within th~ der(ll~nt ~rea was the 	st
 
pr;¢tical p~d.~ siv~n the existing configuration of the pipeline

this ~thd ~uld have only req.ird the pipeline to be kept ~t of
 
~;tlon .ntll the inspection had ~en ~rfo~; no special arrang~nts or
 
¢ha~es to the plpellne culd have ~en ~qulrd.
 

~ver, had t~ pipeline configuration pemitt~ the use of an lnte~al
trisection tnst~nt .ithout havi~ to i~cr~se substantially the p~ssure
then ~n the pfpel~ne, such an ~nspect~on ~uld have re;d~ly reveal~ the
dmges }n the ;lpe ~a]] and their locations ~thout having to excavate the 

; ent~ p~]tne or ~thout hav~ng to take the p~pel~ne out of service. The
Safety ~a~ discussed ~n ~ts 1987 ~port of gas p~pel~ne ruptures and ffr~s~ 

,.
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at Beaumont, Kent~ky,~ the capabilitles and limitations of inter~1

inspection equipment, the special provisions that must be made in the 
configuration of pipelines to use this equil~nt, the fact that many

pipelines are not configured to accept and use this equipment, .and the fact
that the Federal pipeline safety standards do not require pipeline operators
to use this equipment. Because the Safety Board believed that many
potentially hazardous conditions, such as the damage to the Calnev pipeline,
could be identified through the use of internal inspection equipment before
an accident occurred, the Board, on Narch 24, 19~7, issued the following
safety reco~dati~ns to the Research and Special Prog~’ams Administration: 

Require existing natural gas transmission and liquid petroleum
pipeline operators when repairing or modifying their systems, to
install facilities to incorporate the use of in-line [internal]
inspection equipment. 

Require that all new gas and liquid transmission pipelines be
constructed to facilitate the use of in-line [internal] instrument
inspection equipment. 

On April 29, 1987, RSPA advised the Safety Board that the topics
addressed by the recommendations were related to a proposal included in an 
advance notice of proposed rulemaking (ANPRM) (Docket PS-93) issued earlier
in 1987, and that it was reviewing the subsequent comments-to assist in
developing a further position on the need for new inspection or testing
requirements. On June 8, 1990, RSPA issued a notice (55 FR 23S14) advising
that, in accordance with section 304 of the Pipeline Safety Reauthorization 
Act of 19~3_.(Public Law 100-561), it had begun a study on the feasibility of
requiring operators to use internal inspection~i~t~ume~ to test-their
pipelines at periodic intervals. Intervals would be determined by applying
operational factors such as location; size, age, manufacturer, and type of
pipe; nature and volume of materials transported; frequency of leaks;
present and projected population adjacent to .pipelines; and climatic,
geologic, and environmental conditions of the areas in ahich pipelines are
located. RSPA advised that the completed study would be submitted to the
Congress in 1990; if the results ar~ positive, new rulemaking will be
initiated. RSPA further advised that, as required by sections 108(b) and
207(b) of the Reauthoriz~tion Act, it will establish requirements for new and
replaced gas transaisston linesand hazardous l.tquld pipelines to be designed
to accommodate the passage of internal inspection instruments. RSPA also
advised that an KPRM has been scheduled but did not provide the scheduled
date. Although the Safety Board notes °that RSPA has pledged to consider the
merits of Safety Recommendations P-87-6 and -7 and to require operators to 

~? PIpeline A©ctdent Rtp~rto-~Texss Ems~ern Gms P|pe|(ne o~psny 

[entu:ky, on Februsry 21, 1986," (#TSB/PAR-87/01). 
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design new and rebuilt pipelines to acco,~,odate the use of internal 
Inspection instruments, the safety recommendations have _been classified as
"Open--Unacceptable Action," because of RSPA’s apparent reluctance to 
consider them until required by the Congress to do soand because of the time 
that elapsed before RSPA Initiated actton. 

On October 31, 1988, the Pipeline Stf~ty Reauthorization Act of 1988 
(Public Law 100-561) was enacted. Sections 108 and Z07 of that Act requires
the Secretary of Transportation to establish by regulation that the design 
and construction of new and replaced natural gas transmission and liquid
pipeline facilities "... be carried out, to the extent practicable, in a 
manner so as to accommodate the passage through such ... facilities of
instrumented internal inspection devices (commonly referred to as ’smart 
pigs’)." 

In summary, the Safety Board believes that given the extensive wreckage
clearance operations that took-place following the train derailment and the 
many pieces of excavation equipment operating in the area through May 19,
Calnev should have taken additional precautionary measures before normal 
pipeline operations were resumed to determine positively that the integrity
 
of the pipeline had not. been compromised. Consequently, the Safety Board
believes that Calnev’s failure to determine positively that the pipeline had 
not been compromised after all equipment had been .removed from the area was 
causal to the ptpeline rupture. 

The Timing of the Ptpeltne Rupture 

The pipeline failed catastrophically 13 days after the train derailment
 
at a location where the pipe had been dented and gouged by earth-moving

equipment. Metallurgical examination of the rupture and damage to the 
pipeline revealed no evidence typical of a fatigue failure, and the fracture 
features we.re_.~ypi~a] of an overload failure. However, several microfissures 
were also found in the pipe wali metal in and a-~ce~-t to-~e fracture face. 

¯ If the yield strength of an undamaged section of this pipe was 52,000 pounds 
per square inch (psi) (the minimum yield strength specified by the
 
manufacturer), the pipe would be expected to. contain without failure internal
 
pressures up to 2,580 psi. However, with the wall thickness reduced to 0.249
 
inches, it could contain without failure about 1,850 psi. The microfissures
 
.likely existed before the pipe was damaged, and at the ratio of operating
 
stress .to pipe metal yield strength, these microfissures likely posed no
 
immediate safety problam. However, when the pipeline as damaged was again

operated, the microfissures apparently grew in size as the normal operation 
of the pipeline subjected the metal in the damaged .area to cyclic ]oading at 
a substantially larger operating stress-to-yield-strength ratio. It appears
that the rupture occurred when the size of one or more of the microfissures 
became critical for the pressure in the ~pipeline at the time of the rupture. 

Calnev Ptpellne #onltorin9 Systea 

The investigation revealed that on the morning of the pipeline rupture,
the pipeline dispatcher on duty received both a low suctio, and a low 
discharge pressure alarm on his terminal screen. However, the dispatcher
 

; 
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apparer, tly did not observe the low discharge pressure alarm. Furthemore,
by one stroke on his terminal keyboard, he stlenced the audible ~larm and 
deactivated the flashing alarm, However, the dispatcher’s failure to notice 
the low discharge pressure alarm and his attempts to restart thepumps had no
 
substantial effect on the amount of product discharged because the computer
 
monitoring .system promptly recognized the low discharge pressure and shut
 
down the pumps. After the pipeline rupture, Calnev installed a lJigh flow
 
set point whereby if excessive flow is experienced on the pipeline, the
 
system will automatically shut down. Calnev also revised the e~ergency
 
respoase manual to advise the dispatchers of the actions to take when
 
receivlng both a low discharge and a low suction pressure alarm. While the
 
Safety Board notes the actions taken by Calnev following the rupture, the
 
Board believes that Calnev should enhance the computerized operating system
 
by requiring the dispatcher to acknowledge individually each alarm received
 
or by adding a second dissimilar sounding alarm denoting multiple alarm

conditions. 

Shutdown of Failed Plpellne 

~heck Valves.--Because more than 9,400 barFels of gasoline were required
 
to refill the pipeline, with I mile of pipeline holding 917.69 barrels of 
product, it was evident that the check valve at MP 6.9 failed to close when 
the pipeline ruptured and the check valve at MP 14.g did not close 
completely. The 4.3- to 8.0-mile spacing of the four check valves along 
this segment of pipeline would probably have lessened the severity of this 
accident had the valves worked properly. The check valves installed in the 
pipeline should have closed when the gasoline at higher elevations began to 
flow to the rupture site and less than I00 barrels (about 4,000 gallons) of 
gasoline should have been released. However, the investigation revealed that 
the check valves had not been inspected and closed to determine if they 
functioned properly in the 19 years since they were i~stalled, nor were they 
_required_by Federal___.safe~y ~egu.latiorJs to have been ins~ai~]~.L tsste~d., or 
inspected.
 

Following the train derailment~ Calnev’s plan of action to lower the
 
pressure in the pipeline was prudent and appropriate to ensure that an
 
Immediately dangerous condition did not materialize. However, the proble~
 
that Calnev experienced in attempting to lower the pressure in the pipeline

should have raised some concern about the proper functioning of the check 
valves in the pipeline between Colton and Cajon Pass. Had Calnev considered 
that its inability to lower the pressure,in the pipeline may have resulted
 
from other than an inadequate rate of product withdrawal, the company then
 
may have recognized that malfunctioning check valves coul.d produce the
conditions it was experiencing. Such recognition would not have altered 
Calnev:s capability to further lower the pressure in the pipeline during the
 
wreckage clearing operations; however, it would have alerted Calnev to 
determine the status of its check valves before again restarting pumping

operations. 

lhe All-Clear check valve does:not incorporate in its design a means to 
determine the position o.f the valve clapper as do many conventional check 
valves. Calnev, however, could have excavated one of these valves that was
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eq1~pp,~d ~ith bypass rot~nections,’instaIIed pressure gauges to monitor the
 
pressure on each side of the valve~ and then withdrawn product from the
 
upstream ¢o~nection and monitored the pressures to assess the functioning of
 
the clapper. Alternatively, Calnev could have excavated the check valve at


i Mr. ~.g, installed a product withdrawal tap upstream of the check valve and
 
. pressure monitoring taps on each side of the check valve, and then withdrawn
 
~ product from the pipeline and monitored the pressure on each side of the
 

check ./alve to assess the functinning~of the clapper.
i
 

~,. As a ~esult of the apparent failure of two or more of the side-hinged
 
~: check valves, Calnev and RSPA entered into an agreement calling for Calnev to
 

inspect these check valves and to subject at least two tG examination to
 
deten~i~e why they did ~ot function properly. Si~)ce the accident, Calnev has
 
!,s:}e1:ted three check valves--at pipeline MP 6.9, MP 19.~, an~| MP 2S.7. All
 
check valves thus far inspected were found stuck in the open position.
 
Calnev has removed the check valves at MP Ig.2 and 25.7 and planned to remove
 
the check valve at the Co]ton Terminal-. These valves were subjected to OPS-

approved operational tests. Calnev has installed top-hinged check valves
 
equipped with a clapper position indicator to replace the check valves
 
removed and plans to install similar check valvesadjacent to ~ll of the
 
side-hinged :check valves remaining in the plpeline. The Safety Board notes
 
Calnev’s efforts following the pipeline rupture; the Safety Board concludes,
 
however, that the company’s failure to ever inspect and tes~ tha check v~lces
 
~o determine they. functioned properly, particularly following the train
 
derailment, contributed to the severity of the damage that resulted from the
 
pipel~e rupture.
 

]he top-hinged valves incorporate the clapper as an. integral part of the
 
hinge, which places the hinging mechanism further out of the product stream.
 
The placement makes the hinge less susceptible to foullng.by product
 
impurities and uses the full weight of the clapper to achieve positive
 
closure (figure 22). The Board understands the desire to_..take advantage of
 

---the advertised benefi~-of ~he side-hinged valves: less pressure drop through
 
the valve ~nd improved ability to pass cleaning instruments. However, the
 
Safety Board was unable to locate any documentation regarding reliability
 
tests on which pipeline designers based their selection of the side-hinged
 
check valves in 1969. Because of its concern that other malfunctioning check
valves may be installed in other pipeline systems, ~he Safety Board issued 
Safety Recommendation P-Bg-$ to RSPA. In response to the recommendation, 
RSPA issued an alert bulletin to operators of all liquid pipeltne operators 
-advising them -to test for proper closure a11 check valves in critical 
locations and to replace any valves that fail to close properly. 

Remotely Operated Yalves.--The first mainline block v~lve from the 
Colton Pump station was located at RP 25.7. It .took 55 minutes for a Cal~ev
employee to drive from the £olton station and manually close the block valve. 
Since the pipeline rupture, Calnev has installed a remotely operable block
valve at HP 6.9. In the event of an emergency situation; this valve can be 
remotely closed by the .pipeline dispatcher at the Co]ton Pump Station within 
a minute after being notified of an emergency. However, the Installation of 
the remotely operated valve at MP 6.9 does not .reduce the hazard posed to the
residential communities that now exist or that will be constructed adjacent 

i 

Rupturer~-p’tiB-t~n~an.j Fire,’’Mounds VieW, M~nneSota,Ju&Y 8, 1986, 

, 



  

113
 

this accident to ensure that it functioned properly, the consequences of the
May 25 rupture would have been substantially less destructive. 

Th~ Federal pipeline safety regulations, 49 CFR Parts 192 and 195, do 
not define "valve," "mainline valve," or "block valve." The regulations do 
include specific requirements on the location, accessibility, and maintenance
9f valves, and they specifically require an operator to maintain in good
workin~ nrd,)r at all times each valve that is necessary for the safe 
oper~ti~ of its pipeline. The Safety Board notes from the ors
repre~o~t~~:,~’s, testimony at the Board’s public hearing on this accident 
that t.~ :ir:umst~nces of the Calnev accident have prompted the ors to review 
its r,,~icv on the treatment of check valves. In response to Safety
Reco;(,~.:~n P-89-6, RSPA has initiated a study, to be consisted in August 
I990, ).(; ~:te:~!ine the feasibility of establishing inspection, maintenance, 
and-test requirements to demonstrate and maintain the proper functioning of
check valves installed in pipeline systems. The SafeLy Board believes that
the ~SPA study should also address the lack of definitions for the various 
ternls used for valves in the pipeline safety regulations. 

The circumstances of this accident attest Lo the need for improvements 
in the Federal regulations for prompt detection and shutdown of failed liquid
pipelines--a safety improvement long sought by the Safety Board. Both the 
liquid and the natural gas pipeline Federal regulations were based on
industry codes ASA B31.8 for 49. CFR Part 192 (the natural gas pipeline 
regulations) and ASA B31.4 for 49 CFR Part 195 (the liquid pipeline
regulations). The Safety Board has previously noted that the industry code 
for gas pipelines took into account population densities for construction,
v~lve spacing, testing, and many other safety requirements whereas the 
industry code for liquid pipelines did not. To construct a p~peline in 
San Bernardino adjacent to Calnev"s pipeline, the design for a natural gas
 
pipeline would have to comply with several population-based safety factors
 
;such as the allow~le ~perattng stress level, mainline valve spacing, ~nd the
 
¯ ~hydrostatic testing level; no population-based safety factors would apply to
 
the design of a liquid pipeline constructed in the same location.
 

~ Additionally, a natural gas pipeline installed in the area of the Calnev
 
~pipeline would be subject to several population-based operating and
 
maintenance requirements including the requirement to reduce the operating
 
stress in the pipe by lowering the internal pressure should the population
 
density increase to specified levels; a liquid pipeline, would not be subject
 
to the requirements. Recognizing the above related dlfferences between the
 
two sets of pipeline safety regulations, the Safety Board, as a result of its
 
investigation of a petroleum gas pipeline ~upture in West Odessa, Tex~s, on
 
March 15, 19B3,~e recommended that RSPA:
 

39 PipeLine Ac¢iden~ Report-*~Mid America PipeLine Systel Liquefied 
.PetroLeum G~s PipeLine Rupture, Vest Ode~ss~ Texas, #~rch 15, 1983¯ 



      

    

Amend Federal-regulations governing pipelines that transport highlf
 
volattle liquids to require¯ a level of safety .for the public

comparable to that now required for natural gas pipelines.
 

RSPA responded on April 7, 1986, that the maximum allo~able operating 
pressure for gas pipelines was based on the maximum hoop stress levels in the 
line as a function of population densities adjacent to the lines. The letter
further stated that "In contrast, stress level does not appear to be a
significant factor in HVL [high volatile l!quid] pipeline accidents. In 
fact, we are not aware of any HVL pipeline accident that has involved a long-
running fracture .... " 

In a letter Lo RSPA on August 20, 1986, the Safety Board stated: 

...the Research and Special Programs Administration (RSFA) may have
missed the thrust of this recommendation. The Safety Board is
reco~mendin9 that the safety standards for liquid pipelines be 
equivalent to. natural gas pipeline standards Based on our -
knowledge of the history of the ANSI B31.8 Code, the industry 
rationale for development of the population based class location
criteria was not solely in response t~ its concern about fracture 
propagation; it was also¯in response to tndustry’s over all concern 
about the increasing populations residing adjacent to its pipelines
which initially were located in noninhabited areas...Furthermore, 
the Board did not make its assessment solely on the basis that t~e 
gas standards contained requirements tied to class locations rather 
its assessment was that the overall standards were not as stringent
in many respects as thosefor gas pipelines. 

The Safety Board--classified Safety Reco~endation P-84-26 .as "Open-
Unacceptable Action." Subsequently, Ga February 11, 1987, RSPA issued an 
ANPRM (Docket PS-93) addressing amendments to the safety standards for gas 
and hazardous liquid pipelines. The Safety Board provided comments to the
docket on this ANPRM and reclassified the recommendation as "Open--Acceptable 
Action." At the time RSPA informe~ the Safety Board of the ANPI~I, it also 
informed the Board that i~ was planning a research study in fiscal y~ar 1988 
to determine if there is a difference in the levels, of safety provided for ’ 
liquid pipelines and for gas pipelines. RSPA has advised the Safety Board
that the report on this study has been drafted; however, completion and
issuance of the report has been delayed because OPS has an insufficient 
number of staff members to accomplish this work and the work mandated by

Congress in RSPA’s Reauthorizatton Act. As a result of its investigation of
 
the l~quid pipeline rupture and fire in Hounds View, Hinnesota, on ~uly 8,

1986, the Safety Board reiterated Safety Recom~ndation P-84-26 to i~PA and
 
reconfirmed its position that there is a difference in the level of safety
 
and that RSPA should take action to eliminate this difference. The Safety
 
Board’s investigation o~ the train derailment and pipeline rupture at San

Bernardino, California, heightens the Board’s concern that the difference in
 
the level of safety provided for liquid pipelines and for ga~ pipelines has
 
not been eliminated. In ~ts June 8, 1990, notice qn Docket PS-93, RSPA
 



addresses soee tssues related to Safety Recomendat~nn P-84-~6. On the tssue
 
of l~,-oved populated-based leak detection and |solatton requirements threugh

remotely contrelled valves and r~otely menttored g~uges and ~eters, RSPA
 
.stated "that i~lpeltne-stmulation technology for rare rapid leak detectton and
 
shutdmm ~s not sufficiently developed for general use..Operat.ors nov are

required to m~tor .their pipelines for leaks and other indications of
 
¯ abeom~l operations and to ta~e appropriate corrective actions tf necessary."
RSPA also stated that tt is cont~nu|ng to study the capabilities of advanced 
supervisory control and data acquisition systems and the benefits o,~ usi~j
t%motely ¢ontrelled or automatic valve; to isolate line sect|ohm where leaks 
are lo~ated.. RSPA plans to tntttate further ,-ule~aktng with res .p~t to these
subjects tf |as studies deaonstrate that net benefits can be achieved 
particular situations. " 

On the |ssue of establishing population-based class location criteria 
for. liquid pil)eltnes and establtsht.~ ~ore stringent safety standards as the
populatton-at-r~sk |ncreases, RSPA states that Part 195 nov contains many 
safety standards that wry in stringency according to population
charactertst~,cs, although a class location scheme is not employed. RSPA 
stated that a study is ~ear co~plet~on on .the nee~ to amend these regulations

.... to establish rare stringent safety standards for hazardous liquid pipelines
~n populated areas, and the results of th~,s study ~tll detem~ne. ~f further 
rule~aktng on this sub~ect ts required. Because RSPA contends that Part 195
contains population-based safety standards, Safety Board-staff again revtewe~ 
these regulations. A few requtrmaents, p~t~artly related to construction and
testing ~hen a pipe ts Initially constructed, contain general statements 
as "avoid as far as practicable" populated areas or establish distances that 
newly constructed p~pelines must be offset fr~xa existing buildings. The
review of Part 195 found no safety requirement that required additional 
action of a 11quid p|peltne operator as a result of increased population
adjacent ~o a p~peltne. For a pipeline initially r.onstructed through 
uninhabited land, no change in the pipeline or ;,n its manner of operation and
i~atntenance ~ould be re~u-~r~d- un eddYPart lgS,even when a metropolitan 
had. been constructed adjacent to the pipeline. The Safety Board urges RSPA 
to objectively assess the increased operating, maintenance, and emergency 
response requirements essential to provide reasonable public safety when a
greater number of people are exposed to risks of unintended releases of 
huardous ltqutds from p~peltnes. ~afety Recomendatton P-84-26 has been
reclassified as "Open-Unacceptable Action" because RSPA has ~aken no action 
to ~ple~ent the recommendation and because RSPA’s comments on subjects
related to this recommendation are mere directed at. supporting ex~st~n~ 
regulations rather than objectively ~ssessing the need to ~mpreve the 
ext sting regulations. 

Enhanc|ng Pub11 Safety Near Railroads and Pipelines 

Although the City of San 8ernardtno had developed a general plan for 
land use, whlch ~as the framework for decisions by the City on the use of 
land for the protection of residents from natural and mar,-caused hazards, the 
use of land tn proximity to matnllne-ra|lroads or htgh pressure pipelines was 
not addressed ~n the general plan or in subsequent revisions to the plan. The
Safety Board believes that city and county officials should take 



     

account the location of railroads and high pressure pipel|nes ~ develop|x9 
a general plan for land use. Furthemore, the Safety Board believes that the 
National Association of Counttes and the Itattooal League of Cities are the 
appropriate organizations to tnfom-the|r members of the circumstances of the
train dera~llmnt and subsequent pipe1 the rupture and to urge their mrs to , 
acco~t for the location of ~|nltne railreads and high pressure pipelines 
during .the_development of pla~s, or during revisions to existing plans, that
address-poltc|es and objectives for land use. 

The S~fety Board has previously expressed concern about the development 
of residential lots near p|poltnes. As a res::lt of its invest|gaLlon of the
liquefied petroleu~ gas p|peline rupture in Vest Odessa, Texas, the Safety 
I~oard tssued SafeLy Recommendation P-84-27 asking.-that the National
Association of County Administrators and the HeLlene1 Council of Cou.~ty 
Association Executives "...urge (their mrs] to develop masures to.
preclude the developoent of res|denttal lots over pipelines transportt~.9 
hazardous liqu|ds or gases or of lots on vh|ch construction rill necessarily 
encreach on easements for the p~poltnes." The Safety eoard has not received
a substantive response to the recomendatton despite efforts to solicit a 
response. Consequently, Safety Recommendation ~-84-27 has been .classified
"Closed-:Unacceptable Action." 

As a result of 1as investigation of the accident In Vest Odessa, Texas, ....
t~e Safety BOa~I &ls~ issued Safety Recosmendatton P-84-28 to the /mertcan 
Land Oevelol~ent AssoctaL~oh ask|n9 that they: 

Advtse its merd)evs of the circumstances of the accident near Vest 
Odessa, Texas, on Hatch 15, )9~3, and urge thee Lo cooperate 
local government l~d planntn9 and zoning agencies in the
development and t~plementat~on ’ of- restrictions against the 
development of residentlal lots over pipelines transporting 

.............	 hazardous liquids or-gases--or .of--lots on vhtch construction ~ill 
necessar|]y encroach on easeeents for the pipelines. 

The Safety Board a.lso tss~J Safety Recommendation P-84-30 to the 
National Academy of Sciences asking that it: 

Assess the adequacy of existing public pollcy for surface and
subsurface use of la~ ad.~cent to pipelines that transport 
hazardous coemod|ties to provide reasonable public safety. Based 
on the ftndings of the assessment, develop a recommended policy to
correct identified deficiencies in current policy. 

Despite follovup efforts by the "Safety Board to ascertain what actions were 
taken, neither the Anmrican Land Development Association nor the Urbah 
Institute responded to Safety Recoeme_ndat~on P-84-28 (the recommendation yes
class|fled as "Closed--Unacceptable Action" tn Hay 1989). ]n response to 
P-84-30, .hoverer, the Transportation Research Board of the National Research
Counctl completed ¯ report "Pipelines and Publ|c Safety" (Special Report 219) 
that ex~ines rays in vhich pipeline accidents .caused by land development too 
near pipelines cou;d be averted by more effective land-use policies. The 
report also provides a synthesis oF policies and practices for qnhancing 



public sifety near pipelines through damag~ prevention programs and emergency
preparedness p.~grems, as ~ell as la~-use measures. The recmmended actions 
in this report are sperlflca]1~ directed to public safety and land-use Issues

fro. pipe]Ir~s, but the Safety Board believes, in principle, the dlscussi~n on
 
la~-d use tm~Id also apply to tel]roads, lqor~ver, many of the conslderatloes

on lind-use l|m~tattons for property ~l.lacent to pipelines but not yet

. de~leped, also should be opplted to land adjacent to railroads teat has not
y~_t Iwen developed~ Consequently, the Safety Board believes that the
could prove useful ~o local officials and ~.t encourages the
-Association of Counties and the National League of Cities to inform their
respective ueubers of the guidance available in the report and :o encourage
then to develop and implement policies on the. use of lands a~iacent to
ra|l~ads and p|peltnes that are designed to protect public safety. 

surviva - spacts 
As a result of the train derailment, t~o crevmembers received fatal

injuries: the conductor, riding in the lead unit v~th the head-end engineer; 
~d the. head-e~d brakeman, located in the third lead locomotive ~tt. Both
of these locomotive.units cane to rest on their left sides (rite respect to.
their direction of trawl}. There is no evidence that either locamttve unit
relled over du.~ln9 the derailment. Examination of the wreckage ~ndicated
that the left side of both units received substantial damage, ~htch most
likely compromised the occuptable space for _these tug cremm~rs.
Postmerten exa.~tnattons Indicated that both cremembers died of mJltiple
traumatic tn.lurtes. The head-end engineer, according to vitnesses, climbed
out of the top of the wreckage (right side of locomotive). The right side of
tEe locomotive had substantially ~ess damage than the .left side. As a
result, the right side of the operating coupartment was not substantially
compromised and, consequently, the head-end engineer-survived the derailment. 

.............. 1Fro residents received fatal burn,-tn~urles-as-a result of the pipeline
rupture and subsequent fire. One resident yes ~ocated in a burimd out home
at 2327 l)uffy Street; the other resident yes found in the backytrd af a
residence at Z315 I)uffy Street. Because of the explosion and ext.ens|~e fire
|mledtately follo~|ng the rupture, the accident yes not survivable for
either resident. 

Esmrgenc~ It~ponse 

The ~n|ttal response to both the train derailment and tim pipeline
rupture vis timely; mutual aid agreements ~ere appropriately implemented anJ
the necessar~ resources ~ere available to ~n |nctdent command syst~ teat
¯ell organized. £v;cuatton of res|dents following both accidents ~ls troll
coordinated and was conducted in a timely manner. Residential utility lines
¯ere appropriately shut do~ following both accidents. A stagt~j area for
incoming equipment mas set up ~tch yes effective in the mmagemnt of
ftreftghttn9 efforts follo~ring ~he p~e]|ne rupture° The i~ltc~l triage
group coordinated transportation and treaL~ent of ~n~ured w|tE

agencies ~nd the Red Cross following both ace|dents.
 



  

I/hen the incident commander arrived at the scene of the train
derailment, he appropriately requested, that a h~zardous ~atertals-unit 
respond to the scene because of the unimotm product being carried by the 
train, the leaking diesel fuel from the overturned locomtive u:.,lts, and the
possibility of pipeline lnvolvoment. Considerable effort was given to 
locattng aisstng persons during the search and rescue operation before any
attempt was made to remeve the train ~reckage. 

The investigation revealed that personnel from the California State Fire 
I~rshal’s Office, as representatives fo~- the Office of Pipeline Safety, did
not make the incident commander sufficiently a~are of their role 
responding to the train derailment. The incident coma~nder testified teat he 
made several requests of Calnev following the tratn derailemnt but failed to 
exercise his authority as incident commander, ~hich e~q~eered hiu to shut
down all operations until acceptable safety precautions had been taken, to 
follow up on his ~equests to ensure that the integrity of the pipeline had 
been maintained. Had the incident commander contacted the State Fire 
Marshal’s Office and expressed his concerns, some of the req,Jes~s he-~ade to 
Calnev ~ay have been more adequately addressed. Testimony froo 
representatives of the State Fire Marshal’s Office suggests that t~ey had
routinely dealt directly with pipeline companies and ~y have been remiss in 
not dealing more directly with the incident coemander, i~rtng the response 
to the pipeline rupture, the presence and role of the State Fire I~arshal’s
Office was made known to the incident commander. ICevertheless, the Safety
Board believes that the role of the tncident commander should be clearly 
defined to outline the individual’s authority as the person tn charge of the 
incident. The incident colander should not, as the deputy fire chief did
following the trat~ derailmont, relinquish control of the incident until 
concerns regarding -[he public’s safety have been thoroughly satisfied. 

The agree~en~ between the City of San Bornardino and the SP teat 
....... brought to the Safety Board’s attentTon..~L--the.gublic hearing raises concerns 

regarding adequate comnunication among the interested parties responding to
the accident. Although one provision of the agreement signed by the City of 
San Bernardino and the SP indicated that the pipeltne throughout the
derailment area ~ould be completely exposed and insp~_ted, neither the 
|nctdent commander, ~ho testified that on scene he had expressed the desire 
to have the p;peline exposed and inspected, nor Calnev, ~o ultimatel~
dec~ded that co~lete exposure of the p~peltne was not necessary, ~ere 
;nformed of the provision at the time the agreement was stgned. Further, the 
agreement was signed after the incident comander terminated his comand of
the e~ergency response to the train derat1~enL and a~ter Calnev resumed 
pipe.line operations.. According to testimony, nei~he~-Cllnev nor the San
Bernardtno fire department ~ere made aware of the provision until ~eeEs 
after the pipeline rupture. Although tt appears that the agreemnt .was 
signed prlmart]y for the SP to compensate the City of San-Bernardino, the 
Safety Board is concerned that this information was not shared promptly
all pertinent parties. 
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Iledtcal and Toxicological Factors 

~4;utlmrn Pactftc’s Fhystcal Examination Policy.--Although the radical 
o~lttto~ of tl~e traln.creuambers was not considered a factor in.the train 
derailuont, the Safety Board’s Investigation raised some concern
¯ the curvet SP phystcal examination poltcy. Both the head-end and helper
epgineers had recetv~l phystcal exautnations about 3 years before the
accident. Since thetr respective phystcal exautnattons 17 years, 18
~l ~9 years before the accident, the conductor, the head-end brakes~n, and
the helper brakeean had not been required by the company to undergo any
further phystcal examinations. Also, there is no record that the assistant
chtef dispatcher had ever received a company physical ex~utnatton. The
Safety Board is concerned that without the requirement that e~ployees receive
comprehensive periodic physical exautnattons, eedtc~~ conditions nay artse,
go undetected, and onceivably affect an employee’s ability to
duttes. The Safety Board has previously addressed this tssue. In its
Investigation of the head-end collision of t~o Consolfdated Rat1 Corcoration 
fretght trains near Thompsontown, Pennsylvania, on January 14, 1988, the
Safety Soard stated: 

The untlvatton for requiring periodic coepany physical examinations
has always been the fact that the safe operation of railroads
de~ands a proper level of euployee fitness. Unless euployees ar~
seriously 111 or injured, they cannot be expected to seek regulir
phystcal exaulnattons. More than ever, railroad eeployees should
be subject to mere stringent physical standards and regular, sore
comp.-ehenstve phystca| examinations by practitioners ~o understand
what the euployees do and under ~at ctrc~stances they have to do
it. 

The Safety Board believes, therefore, that .the SP should ~equire its 
operattng_.crevs and e~ployees in safety-sensi~tive_.._pos|tt~o_ns to receive
periodic co~rehensive physical examinations. 

In accordance vlth FRA requirements, toxicological samples uere obtained
frne all five crmueubers of Extra 7S5! East: blood and urine specimens fre~
the survivt~j cremeubers and bl~l, urine, and tissue specimens f~ the
deceased creumesd~rs. Also, in accordance with SP requirements, a second
urtne spect.~en was collected from each of the surviving cremeubers. Because
all spectme,ls were negative for alcohol and other drugs and because the
ava|lable test.irony indicates that none of the cr~rs was tupatred, the
Safety Board concludes that alcohol and drugs were not a factor in the
Operation of E.-tra 7551 East on M~y 12, 

The train dispatcher on duty at the time of the derailment, the
assistant chief dispatcher ~ho arranged the movement of Extra 7551 East, and
the clerks vho estteated the veights of the hopper cars and who prepared the
shipper’s b~11 of lading ~ere not requested to sub~it to toxicological
testing nor vere they required to be tested. The Safety Board’s concern
about the potential involveeent of alcohol and other drugs in all railroad
operations, has been yell documented. The Safety Board believes that
e~ployees in safety-sensitive positton~ that can affect the movment of 
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tr~tn$--tncluding supervisors and managers, tratn dispatchers, matntenance
of-~y employees, clerks ~o handle hazardous materials shipments or ~ho are
reSl~nslble for recol~ltng vital tnfomatton concerning the ~akeup of ira|ms-
should be requlrod to sub~lt to toxicological testing..Recomendatlons hive
bee~ addresseci to the FRA that it include in 1is alcohol-and drug abuse
regulations .all Fersons .in safety-sensitive positions, as a result of a
Safety lizard st~ly on alcohol/drug use and 1is |~pact on railroad safety.~° 
Although the Safety Board concludes that alcohol and drugs were not a factor
in the tratn deratl~nt on RaT |2, 1989, the Safety Board belteves that the
SP sheuld revtse its rules to requtre postaccident tox|cologtcal testtng of
all e~loyees In safety-sensitive I~Stt~ons. 

Findings 	 CO~SlOm 

1.	 I/hen Extra 7551 East began 1is descen[ from Htland, only three of the
stx locomotive untts had functioning dynamic brakes; ~hether this total 

.of three tnvolved the full dTna~cs of SP 7549 or SP 9340, or a
coabtnation of the t~o could not be determined. 

2..The head-end engineer’s belief that he had four locomotive units with

functioning dynamlc brakes was reasonable |n view of the information

provided to htn by the helper engineer.
 

3.	 Each of the 69 hopper cars of Extra 7551 East contained about 100 tons
 
of truna.
 

4.	 The accepted practtce of estimating weights at the time cars were

released, coupled ~tth the bellef that these wet~jhts would be chano~f at

a later lime, created a potentta;ly hazardous situation tn whicl~ yard
clerks were ~e~ely satisfying a ree.utrement of the Southern Pacific 
co~ute~ system. 

5.	 The Southern Pacific shipping clerk d~d not indicate on the shipper’s
bill of ladlng that the weights he had 1~sted were esti~ted ~elghts~ 
the fallure to do so affected the ~thod by ~hich the bi111ng clerk
chose to enter the bill of lading Information into the co~uter syste~ 
and ultlmately the trailing tonnage i~for~tion g~ven to the operating 
cre~ of Extra 7551 East. 

5.	 The tonnage prof|le generated by the Southern Pacific co~puter syste~
and given to the operatlng crew of Extra 7551 Fast contained the 
Incorrect traillng tonnage o~ 6,IS0 tons based on the weights estisated
by the yard clerks at the ti~e the cars were released, rather than the
correct tratl|ng tonnage of about 9,000 tons. 

&O For moro information, re~d ssfety Study--’Atcoho|lDrug Use ~nd Its 

|mp~¢t on Ilai|road Sefetyu (IITSB/SS-88/O~;~ 



                                             

7~	 Had the billing clerk elected to enter the Individual ~etght of each 
car into the car file of the co~uter system, the tonnage profile given 
to the operating crew of Extra 7551 East would still have lt~ted an
Incorrect trailing tonnage. 

8.	 The tonnage prof|le gtven to the crew of Extra 7551. East contained 
inaccurate information ~gardin9 the tons per operative brake because 
of the incorrect tratltng tonnage and_ because the Southern Pacif|c cars 
equipped with empty-loed devices had a normal braking cepabtltty of 1,
rather than the 1 1/2 as outlined in the special instructions. 

9.	 The head-end engineer’s acceptance of the information contained on the 
tonnage profile as being accurate when he received the document was 
reasonabl e. 

lO. Based on actual tonnage, available dynamic brakes, and Southern Pacific
operating ~u]es, Extra 7551 East should not have been permitted to 
operate down the 2.2 percent grade. 

ll.	 The head-end engineer would have been able to stop the train at the
point he exceeded the 13-lb brake pipe reduction. 

12.	 Southern Pacific operating rule 61.E provided inadequate guidance to the 
head-end engineer on the allowable speed and brake pipe reduction down 
the Z.2-percent grade.¯ 

13.	 The head-end engineer had sufficient t~me to recover his dynamic
brakes, although he had not been trained to do so; however, recovering 
the dynamic brakes would have had little, if any, effect on the speed 
of the train as it entered the 4-degree curve, ~nd the accident would 
st111 have occurred. " 

14. The head-end engtii~e~ w-ould have had no reason to~on-stder--~sin(j
- retainers befere he began descending the grade. 

15. The helper engineer did not convey accurate information to the head-end
engineer regarding the status of dynamic brakes on the helper units. 

16.	 Cremembers were not trained and instructed to work as a team and 
communicate to arrive at the most suitable solution to the emergency at 
hand. 

17.	 The head-end engineer may have been able to bring the train safely down 
the hill had he crested .the hill at 15 mph, which he Would have been
required to do if the dispatcher had .informed him of the correct 
trail trig tonnage. 

18.	 The head-end engineer may have decided not to operate Extra 7551 East
down the grade had he received accurate information about the trailing 
tonnage¯. and the nu~er of locomotive units with inoperative dynamic 



19.	 The Federal Railroad Administration’s position that both the equipping
 
and use of dynamic brakes are optional is not consistent with the level
 
of e~hasls placed on the use of dynamic brakes in railroad operating
 
rules, timetable instructions, and training.
 

20.	 Inaccurate Infor~ation concerning the trailing tonnage of a train can

still be generated by the Southern Pacific computer system and given to 
the crew, even with the revisions made by Southern Pacific following the 
trai, derailment.
 

21.	 The rationale to have the interlock nullify the dynamic brakes when the
train brakes are placed into emergency is no longer ccnsistent with the 
current training and operation of trains. 

22.	 Updating the computer system- with information regarding defective
locomotive conditions did not receive priority attention in the 
dispatchers’ office, and the responsibility for doing so was not 
clearly delegated by Southern Pacific management. 

23.	 The Southern Pacific engineer training program did not adequately
prepare engineers for handling a train in the event of an emergency 
situation. 

24.	 The. Southern Pacific management oversight of train operations,
particularly on mountain grades, was inadequate. 

25.	 The damage to the pipeline did-not occur before the train derailment on 
Hay 12, 1989. 

26.	 Calnev’s pipeline met the industry-recommended safety requirements in. 
effect when it was constructed; no State or Federal regulations were in 

_._ effect at that time, ......... 

27.	 The 4 to 6 feet of earth cover over Calnev’~ pipeline protected it from 
damage when the Southern Pacific train derailed over the pipeline. 

28.	 Calnev and Southern Pacific’s surveillance of excavating equipment
operations.was insufficient to prevent damage to £alnev.’s pipeline. 

29.	 Calnev"s pipeline was mechan(cally dented and gouged at several 
locations by earth-moving equipment. 

30.	 The Calnev pipeline was most likely damaged during the train .wreckage
removal operations orduring the removal of the t),ona from the 
derailment site.
 

31.	 Calnev returned the pipeline to service without adequately inspecting or
 
testing the pipeline for damage and without recognizing that its earlier
 
inability to lower the pressure below 800 psig could have been the
 
result of malfunctioning check valves. 



                            

32. Calnev’s pipeline experienced an ovarstress on Nay 25, 1989, when a 
-- preexisting, microfissure grew in size as the normal operation .of the 

-pipeline Subjected the metal in the damaged area to cyclic loading at a 
substantially larger operating stress-to-yield-strength ratio. 

33.	 The previously untested All-Clear check valves at MP 6.9, ]4.9, 19.2, 
and 25.7 failed to properly close and allowed thousands of barrels of 
gasoline at higher locations to be released from the failed pipeline. 

34.	 The Calnev dispatcher’s attempts to restart the pipeline had no effect
on the consequences of t~.~ ptpeltne accident because the computer 
control and monitoring system promptly detected the abnormal pressures
 
in the pipeline andshut down the pumps.. 

35.	 Federal pipeline safety requirements for liquid pipelines do not
 
properly protect public safety because they do Rot contain adequate
 
requirements for the rapid detection and shutdown of failed pipelines
 
and there are no provisions for safety enhancements when the populatio~
 
at risk increases. " "
 

36.	 The .City ~of.$an Bernardino’s plan for land use did not address the
 
hazards posed by the proximity of mainline railroads and of high
 
pressure pipelines.
 

37. The head-endengineer probably survived the accident because the side of
 
the operating compartment in which he was riding was not substantially
 
compromised.
 

~: 38. The initial notification and emergency response to both the train
 
¯ ~:. derailment and the pipeline rupture was timely and effective.
 

~ 39. After the train derai]ment, the deputy fire chief, although .assured by
 
-- ~	 Calndv~hat the pipeline was-safe-to resume normal operations, ~t£d_aot
 

fully exercise his authority as incident commander to have his concerns
 
~ega~ding the integrity of the pipeline addressed
 

40. The California State Fire Marshal’s office,as an agent for the Office 
of Pipeline Safety, did not adequately explain its role and 
responsibility to the incident commander during the emergency response 
to the train derailment. 

Probable Cause 

lhe Nationai Transportation Safety Board determined that the probabJe
 
cause of the train derailment on May 12, 1989, was the failure to determine
 
and communicate the accurate trailing weight of the train, failure to
 
communicate the status of the train’s dynamic brakes, and the Southern
 
Pacific operating rule that provided inadequate direction to the head-end
 

--° engineer on the allowable speed and brake pipe reduction down the 2.2:percent
 
grade.
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.The National Transportation Safety Board determined that the probable
 
¯ cause of the pipeline rupture on Mey 25, 1959, was the. lnadequate testing and
 
inspection of the pipeline, following the derailment that failed to detect 
damage to the pipe by earth-moving equipment. Contributing to the cause of
 
the pipeline rupture was the severity of the train derailment that -esulted
 
in extenslve.wreckage and commodity re;noval operations. Contributing to the

severity.. of the damage resulting fro~ substantial product release was
 
Calnev’;.,failure to inspect and test check valves to determine that they
 
functioned properly, particularly after the train derailment.
 

RECONI~E~ATIONS 

As a result of its investigation, the National TransportaLion Safety

Board made the followin9 safety recommendations:
 

..--to the Southern Pacific Transportation Company: 

Develop explicit procedures that require the dispatcher and
 
the operating crew to communicate vital information concerning
 
the condition .of the train that may impact on the crew’s
 
decisionmaking .’and..traic handling including, but not limited
 
to, the number of locomotive units with functioning dynamic
 
brakes and the trailing tonnage of tXe train. (Class II,
 
Priority Action) (R-90-12)
 

Improve the method of developing accurate trailing tonnage
 
information to be provided to traincrews. (Class II, Priority
 
¯ Action) (R-gO-13)
 

Eliminate the dynamic brake/emergency interlock on all
 
locomotive units. (Class If, Priority Action) (R-90-]4) ....
 

Develop a procedure .-that -will ensure that information .......
 
. concerning defective locomotive conditions is entered into the
 
computer system in a timely manner and that the responsibility
 
for doing so is clearly delegated. (Class II, Priority Action)
 

Review the training program for engineers and. incorporate
 
emergency situations into the simulator portion of the program
 
that will require engineers to respond appropriately .~o
 
various operating parameters, including the recovery of
 
dynamic braking. (Class II, Priority Action) (k-90-16)
 

Review the supervisory oversight of train operations and
 
provide specific guidance regarding the number and types of
 
efficiency tests, check rides, and the. review of event
 
recorder Capes. (Class II, Priority Action) (R-90-17)
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Require F)staccldent toxicological testing of all employees in
-safety-sensitive positions; including dispatchers and clerks
who are responsible, for preparing accurate train, documents,
(Class II, Priorlty.Actlon) (R-gO-18) 

Revise the procedures.for qualifying engineers to require that

supervisors ride with ran engineer in both directions on
 
meunt~in grade territory before qualifying the engineer over
 
the entire territory and that the ride be perfo~(d on ~ train
 
that is comparable in size and trailing tonnage to those

typically most difficult to operate on that territory. (Class
 
II, Priority Action) {R-gO-I9)
 

Require o)erattng crews and employees in safety-sens!tive
positions to receive periodic comprehensive physica! 
examinations. (Class II, Priority Action) (R-90-20)
 

.Require the appropriate employees to obtain the actualweight
 
of cars and product from shippers and to indicate on the bill

of lading if the weights .listed are )hlpper-certified or
 
estimated..weights...(Class II, Priority Action) (R-90-21)
 

--to the Federal R~ilroad Administration: 

Promulgate regulations regaling the qualification of
 
engineersto require that supervisors ride with an engineer in

both directions on mountain grade territory before qualifying
 
the engineer over the entire territory and that the ride be
 
performed on a train that is comparable in size and trailing

tonnage to those )ypically most difficult to operate on that
 
territory. (Class II, Priority Action) (R-90-22)
 

Study, in conjunction with the Association of American
 
Railroads, the feasibility of developing a positive method to

indicate to the operating engineer in the cab -of the
 
controlling locomotive unit the condition of the dynamic
 
brakes on all units in the train. (Class III, Longer Term

Action) (R-90-23) 

Revise regulations to require that if a locomotive unit is

equipped with dynamic brakes that the dynamic brakes 
function. (Class II, Priority Action) (R-90-24)
 

Require, in conjunction with the Researc~ and Special Programs
 
Administration, railroad operators to coordinate with
 
operators of pipelines located on or adjacent to their

railroad rights-of-way the development of plans f~r handling
 
transportation emergencies that may impact both the rail and

pipeline systems and then to discuss the plan with affected

State and local emergency response agencies. (Class II, 
Priority Action) (R-90-25)
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--to the Association of Ameri~ Railroads:
 

Study, in conjunction with the Federal Railroad
 
Administration, the feasibility of developing a positive
 
method to indicate, to the operating engineer in the cab of the
 
controlling locomotive unit the condition, of the. ~ynamic
 
brakes on all units in the train. (Class Ill, Longer Ter~
 
Action) (R-90-2.6) ..~
 

Inform your members of the circumstances of tie train
 
derailment at San Bernardinu, California, on May 12, 1989, and
 
notify them of the braking capability of cars equipped with
 
empty/load devices, advising that timetable instructions and
 
operating rules should be revised accordingly. (Class If,
 
Priority Action) (R-90-27)
 

--to Calnev Pipe Line Company:
 

Enchance the computerized cprrating system by requirir~
 
dispatcher on duty to acknowledge individually each a~ar~
 
received or by adding a second dissimilar sounding alar~
 
denoting multipl~ alerm conditions. (Class If, Priority
 
Action) (P-90-22)
 

Provide a means for testing all mainline check valves to
 
determine that they function properly and test these valves
 
annually. (Cl~ss II, Priority Action) (P-90-23)
 

--to the City of San Bernardino:
 

.....	 Revise the existing plan for land use to account for the
 
location of railroads and hig~ p~es~’re ~ipelines. (Clz~s
 
Priority Action) (I-90-18)
 

Define clearly the authority of the incident commander as the
 
person-in-charge of an emergency response and emphasize the
 
need to not relinquish control of an incident until
 
concerns regarding the public safety have been thoroughly
 
satisfied. (Class If, Priority Action) (I-g0-1g)
 

--to the Research and Special Programs Administration:
 

Address, in the ongoing study to determine the feasibi%ity of
 
establishing inspection, maintenance, and test requi~ements~
 
for check valves, the lack of definitions for_.the various
 
terms used for valves in the pipeline s~fety regulations.
 
(Class If, Priority Action) (P-g0-~4)
 

-
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Require, in conjunction . with the Federal Railroad
 
Administration, operators of pipelines located on or adjacent
 
to railroad rights-of-way to coordinate with the railroad
 
operators the development of plans for handling transportation
 
emergencies that may impact both the rail and pipeline systems
 
and then to discuss the plan with affected State and local
 
emergency response agencies. (Class If, Priority Action)

(P-90-2S) 

--to the Natlonal Association of Counties and the National League
 
Cities: 

Inform your members of the land-use guidance for enhancing
 
public safety contained .in the National Research Council’s
 
Special Report 219, "Pipeline and Pub!ic Safety," and
 
encourage them to develop and implement policies to protect
 
public safety for lands adjacent to pipelines and railroads.
 
(Class 1i, Priority Action) (I-gO-20)
 

As a result of its investigation,-the Safety Board also reiterated
 
following safety recomendations:
 

--to the Research and Special Programs Administration:
 

Amend Federal regulations governing pipelines that transport
 
highly volatile liquids to require a level of safety for the
 
public comparable .~Lo ..~hat _n_Qw required for natural gas

pipelines.
 

P-87-6
 

Require existing natural gas tra~smission and liquid petroleum 
pipeline operators when repairing or modifying their systems., 
to install facilities to incorporate the use of in-line 
[internal] inspection equipment. 

Require that all new gas and liquid transmission pipelines be
 
constructed to facilitate the use of in-line [internal] 
instrument inspection equipment.
 

P-87:Z2 

Require the installation of remote-operated valves on 
pipelines lthat transport hazardous liquids, and base the 
spacing of remote-operated valves on the p~pulation at risk. 



i 

--to the Federal Railroad .Administration: 

Expedite the ruiemaking requiring the use of event recorders
 
in the railroad industry.
 

BY THE NATIONAL TRANSPORTATION SAFETY BOARD 

/s/ 
,, 

) /s/ 
~ 

/s/ 

James, L. Kolsta_d. 
Chai~n 

Susan N. .ough!in
Vice Chair~ean 

John K., Laub..er 
Member 

/s/ Jim Burnett
 
Rember
 

_., Adopted: June 19, 1990 ....... ... _
 



  

APPE~;IE$ 

APPENg;X A .

INVESTIGATION Al~i) HEARING 

Investl~atlon
 

The Matlenal Transportation Safety Board was notified on May 12, 1989,

of a derailment of a Southern Pacific Transportation Company freight train
near San Bernardino, California. The investigator-in-charge and other
members of the. investigative team were dispatched from the Washington,
office and the Fort Worth, Texas, and Atlanta., Georgia, field offices.
Investigative groups were established for engineering, mechanical,
operations, human performance, and survival factors. 

On May Z5, 1989, the Safe~y Board was notified of a pipeline rupture at .... ¯
the site of the earlier train derailment. The investigator-in-charge and
members of the investigative team were again dispatched to the scene of the
accident. Investigative groups ~ere established for mechanical, pipeline
operations, human performance, and survival factors. 

Hearing 

A 5-day public hearing was convened in San Bernardino, California,
beginning on August 28, 1989. Oesignated parties at the hearing were the
Southern Pacific Transportation Company, the Calnev Pipe Line Company, the
Federal Railroad Administration, the Research and Special Programs 
Administration, the State of California (the Public Uti-lities Conxaission for
the train derailment and the State Fire Marshal’s Office for the pipeline
-rupture),-. the -City of San Bernardino,--the -8~otherhood ..of Locomotive
Engineers, and the United Transportation Union. Thirty four witnesses
testified during the 5-day hearing. , 



PERSONNEL IIIFORP, AT ION. 

Southern Pactf| Transportation Ccxupany Personnel 

~r~j~r~ 7551 East.--Engineer Frank ~. Ho|land, age 33, received 
his l&st SP medical examination on Oecember 11, 1986. The medical record
disclosed no adverse medic~l condition and reported that his hearing and 
corrected vision ~ere within normal limits. 

.r~d~tOro ~itra 755! East.--Conductor Everett Cro~n, age 35, underwent 
a company phys|cal examination on Apri| 18, 1972. The record of that
examination disclosed no medical probleus and reported vision and hearing to 
be ~ith|n normal limits. No other documentation could be located by SP
officials concerning his medical condition. Postaccident statements by 
Conductor Crown’s wife indicated ~hat his sensory acuity at the t~me of the 
accident was.normal.. 

~rak~. Extra 4771E~st.--Brakeuan Allan Reiss, age 43, received his
last company physical examination, according to SP medical records, in 
November 1971. The record revealed no medical problems and reported his 
hearing and uncorrected vision to be normal. According to Brakeman Reiss’
wife, her husbano had recently received a routine physica~ examination frc~ 
their family physician, who reported no ~ed~cal problems. 

l~e_lper En~ineer~ Extra 7551 Eas_T.--Engineer Lawrence Hill, age 42,
 
underwent a company physical examination on December 19, 1986. The record

indicated no restrictive medical conditions and reported h~s hearing, and
 
coFrec.ted_vision to be within nor~nal ]im_~L$ .......
 

!~lper Brakeman, Extra 7551 East.--Brakeman Robert °Materbury, age 57, 
received his last company physical examination in April ]960. The SP records
at tidal time indicated no adverse medical conditions and reported his hearing
and corrected vision to be within normal limits. " Brakeman Materbury 
indicated that since his ]ast company physical examination, he had been 
seeing a local _physician for a h~gh blood pressure condition. ;he physician 
last examined Brakeman Materbury in March ]989, and refil]ed a prescription 
for an antihypertensive drug. At the time of the examination, the physician
reported no comp|ications and noted Brakeman Materbury’s blood pressure to be
~ithin the normal range. 

Calnev Personnel 

~pe~tne Dtspatcher.--D~spatcher ArLuro Aguilar, age 34, received his 
last company physical examination on ~eptember 2, 1988. The record disclosed
no adverse medical condition and reported his hearing and uncorrected vision 
to be normal. 
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BILL OF lADING 

(filled out by )-ar’d cle~) 





~ILL OF LAI)IHG 
(filled out by yard clerk)
 

----~ ! 







.139
 

APPENDIX 

F: 

FP 

PF- 

FF" , 

FF’ 





141
 

APPENDIX O 
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APPEHDIX O 



]44 

OP$ HAZARDOUS FAC]LZTY ORDER
AI~ SUBSEQ~FJiT AI~EI~EO ORDERS 







(Section 3) ~o~e Fu~L~ 

be flezard:~s to life ~ p~’o~y. Acco~ly, ~:8~t ~ ~e -

Silk.ACt of ~STI, iS
he=e~y order Re~po~eflt 

F~nsl Order isissued vl~ prl~ ~Jtt~ 

11~ bad not
 
~Js~ally exe~L~e for ~ge.
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APPEHDIX E
 

result 

~ssut.nct. 
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APPENDIX E
 

~e:~ve a~on v~ res~ te_l~ 14-.~n~ hazardous 

~r~ ~e coors, of ~e ~r:,~/ve s~L=n re~re~ bM 

lane re~A~ ~y ~aTagra~h a. e~ ~t or~e~, ~t ~s ~scovere~
 

by pare~apb b. By le~er =~ O~ 6, ISIS, Sesp~d,~ has
te~es~e~ relief-Yron ~lsre~/rm~t~ ""R-evj~" o£ ~e e~osed 
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AFPEND[X F 

ASSESSLqEHT OF" DAI~GES TO RES]DENCES AND PROPEgTY 

Table I.--City assessment of damages to residence~ from.t,’ainderailment.
 

Residence Damages
 

2314 Duffy 90 percent destroyed: entire roof, rear exterior
 
and two side exterior walls, and all but one.
 
sm~ll interior wall at front entrance destroyed
 

2326 Duffy 100 percent destroyed
 

2336 Dully 99 percent destroyed: enly a portion of front

- exterior wall leftstanding
 

2348 Duffy 99 percent destroyed: only aportion of front
 
exterior wall left standing .’ 

2360 Duffy -rear 40 percent of walls and ceiling destroyed 

2372 Duffy 97 percent destroyed: portion of front exterior 
wall and one small interior wall left standing
 

2382 Duffy 20 percent destroyed: entire garage and corner of
 
dining room and kitchen destroyed; electrical
 
service destroyed; all rear windows broken
 

2394 Duffy all rear windows broken and electrical service
 
damage ........
 

2404 Duff)’ all rear windows broken
 

!.
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APPENDIX F 

Table ll.--Residences and damages incurred from pipeline rupture.
 

Reside6ce ~amaqes 

2373 West Adams heat and smoke damage 

2395 West Adams house and 3 vehicles destroyed by fire 

2348 San Carlo house and I vehicle destroyed by fire 

2360 San C~rlo house and I vehicle, destroyed by fir~ 

2372 San Carlo smoke damage 

2382 San Carlo garage damaged by fire, back of ho~se 
received heat and smoke damage 

2383 Dully minor he~t d~mage 

2351Duffy house a~d 2 vehicles destrey~d by fire 

2349 Duffy house and I vehicle destroye~ by fire 

2237 Duffy house and 2 vehicles destroyed by fire 

2327 Dully house destroyed by fire (location of ode 
fatality) 

2315 Dully house ~nd I vehicle destroyed by fire 
(locati~.of one ~atality) ........ . 

2302 Duffy house and 3 vehicles destroyed by fire 

2395 Donald heat and smoke damage 

2379 Donald m~nor smoke damage . 

2382 Donald house and 6 vehicles destroyed by fire 

2358 Donald house and I vehicle destroye~ by. fir~ 

2344 Donald minor smoke damage 
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APPENDIX G
 

FKA LETTER REGARDING FUNCTIONING DYNAHIC BP, N(ES
 

800 Independence Avenue, 5.W., Ro~m 840 
Washington, D,C. 20594 

Dear ~r. Olckinson: 

This re~e~s to your request relative to the Federal Rallroad 

inoperative dyn~ic brakes for locomotives. 

The Railroad Power Brake and Drawbars Regulations does not
 

are referred to ~n the ~oco~ctive Safety Standards, which sta~eS 
in part "If a dynamic brake or regenerative brake system is in 
use, that port,on of the system in use shall respond ~o control 
from the cab of the controlling locomotive." ._ 

Thia part makes clear chat both the equipping.and the use of 
dynami b~ak~-~s o~tional. The FRAvill not take e~ecep~n,. ~
dynamic brake is Iound ~noperatlve or operates at less than 
maximum designed capacity. 

Sincerely, 

fO~ Safety 



¯ , APPENDIX H 
~ 

SOUTHERN PACIFIC TINETABLE INSTRUCTIONS 

(HAXIHUN TONS PER OPEI~TIVE BP~AKE) 

L,O| JU~IQ|LE$ OlYI|ION LOS ANG|LE~ OM$10~I 
M~¥E SUEDI~S:ON |AKERS~I|LD SU|DI~SICH 

,, , ,, , ,, 
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APPENDIx ! 

SELECTED PROVISIONS OF ASA CODE 831.4 

I. The design requirements for this Cc~ are adequate for public 
[ ¯ safety under conditions usually encountered in liquid petroleum 
~
 transportation piping systems, includlng lines within villag~,
 
! towns, cities, and industrial areas. However, the design engineer
 
!. shall provide reasonable protection- to prevent damage to the

’ pipeline from unusual external conditions which may be encountered!	 in .river crossings, bridges, areas of heavy traffic, long self-


supported spans, unstable ground, vibr,-:ion, weight cf special
 
attachments, or forces resulting from abnormal thermal conditions.
 
Some of the protective measures-which-the design engineer may
 
provide are encasing with steel pipu of larger diameter, adding
 
concrete protective coating, increasing the wall thickness,
 
lowering the line to a greater depth, or indicating the presence of
 
the line with additional markers. (402.1)
 

The right-of-way shall ~e selected so as to minimize .the 
possibility of hazard from future industrial or urban development 

! or encroachment on the right-of-way. 
.

3. The piping component at any point in the piping system sha~l be
 
o:	 designed for an internal design pressure which shall not be less
 

than the maximum steady state operating pressure at that point, or
 
less than the static head pressure at that point with the. line in a
 
static condition. The maximum steady state pressure shall be the
 
sum of the static head pressure, pressure required to overcome
 
friction losses, and any required back pressure. Variations in
 
pressure above the maximum ~teady state operating pressure due to
 

¯ - __surges are allowe~_.~.n_3cco~dance with 402.2.4. (401.2.2) 

~- 4. Portions of the piping system to be operated at hoop stresses
 
:’ exceeding 20 percent of the specified minimum yield strength of the
 

pipe shall be subjected at any point to a hydrostatic test
~
 
t equivalent to not less than 1.25 times the internal design .pressure
~: at that point (see 401.2.2) (437.4 1 (a)) 

!:: 5. The duration of the hydrostatic test specified in 437.4.1(a) shall 
~. be not less than 24 hours. (437.4.1(b)) 

Mainline valves shall be installed at accessible locations on both 
sides of major river crossings and at such other locations, 
appropriate for the terrain traversed by the pipeline..(434.]5.2) 

~ 7. Consideration in the design shall be given to piping systems

located in regions where/ earthquakes are known to occur.. (401.5.3)
 

~.!;
 

¯
 

"
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.APPENDIX ! 

8.	 Depth of ditch shall be appropriate for the route location, surface
use of. the land, terrain features, and loads imposed by roadways
and railroads. (434.6) 

The safety of the general public an~ the prevention of damage to
the piPeline by reason of its location are primary considerations.
Casing of the pipeline may be required and.acceptab]e details are 
covered in AP! [American Petroleum ]nstitute] Code No. ]lOZ,
Reco~nended Practice on Form Agreement and Specifications .for Pipe
Line Crossings Under Railroad Tracks. (434.14.5) 
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APPENOIX K 

PERTINENT PROVISIOH$ OF 49 CFR 192 

192.5 Class locations. 

(a) OFfshore is Class ! location. The Class location onsho;~ is

determined by applyin§ the criteria set forth in this section: Th~ class
¯
 
location unit is an area that extends 220 yards on either side of the


i centerline of any continuous I-mi!e length of pipeline. Except as provided
 
~ in paragraphs (d)(2) and (f) oF this section, the class location is
 
! determined by the buildings in the class location unit. For the p~rposes of
 
i~L this section, each separate dwelling unit in a multiple dwelling unit
 

building is counted as a Separate building intended for human occupancy.
~
 
.. (b) A Class 1 location is any class location unit that has 10 or less
 
i:	 buildings intende~ for human occupancy.
 
~	 (c) A Class 2 location-is any class location unit that has more than 10
 

but less thai 40 buildings For human occupancy.
i..
 
~
 (d) A Class 3 location is: 

(1) Any class location unit that has 46 or more buildings intended for~
 
human occupancy;-or
 

(2) An area where the-pipeline lies within 100 yards of either a 
building era small, well-deFined outside area (such as a playground, 
recreation area, outdoor theater, or other place of public assembly) that is 
occupied by 20 or more persons on at l~a.st 5 days a week for 10 weeks in any 
12-month period. (The days and weeks need not be consecutive.) 

(e) A Class 4 location is any class location unit where buildings with
 
four or more stories above ground are prevalent.
 

(f) The boundaries of the class locations determined in accordance with

paragraphs (a) through (e) of this section-may be adjusted as follows:
 

(I) A Class 4 location ends 220 yards from-the nearest building with
 
fdur br more stories-abo~round. --- - ..............
 

(2) When a cluster of buildings intended for human occupancy requires a
 
Class 3 location, the Class 3 location ends 220 yards from the nearest
 
building ~n the cluster.
 

(3) When a cluster of buildings intended for human occupancy requires a
 
Class 2 location, the Class 2 location en~s 220 yards from the nearest
 
building in the cluster. .

192.179 Transmission Line Valves
 

(a) Each transmission line, other than offshore segments, must have
 
sectionalizing block valves spaced as follows:
 

(I) E~ch point on the pipeline ip a Class 4 location must be within 2
 
I/2 miles of a valve.


(2) Each point on the pipeline in a Class 3 location must be within 4
 
miles of a valve.
 

(3) E~ch point on the pipeline in a Class 2 location must be within 7
 
I/2 miles of a valve.
 

(4) Each point on the pipeline in a Class ] location must be within 10
 
miles of a valve.
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ALERT BULLETIN ISSUED Bf RSPA ON NOVEHBER 13, 1989 ... " 

D~re~o~
 
O~flcm of P~pel~ne Sa~,ty
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v~ 9 ~o~s. Z~ ~e s~udy ~p~ ¯ ~oed fo= 8~h a 

Slnc~ely, ~ 
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APP.~iC]X N
CONVERSE CONSULTkNT,$ REPORT 

¯
 .- ~
 

Aul.st 30. 1989 

O’M~l~en~ & Nyer~
1BOO Century Perk 

Suhjec~: H~ort o~ 

C~lNev 7~peline/Duffy Street 
S~n Bernmrd~n~, 
CCIE Pro~ec~ No. 89-81-131-01 

I~TROgUCTIO~ 

Th~s report presents the results, to date. of our ~eotechnLcal 
~nvestJget~on perfo~ed alone ¯ port,on o~ tee CelNev 

_ ~ ~e investigation-~s per~orsed to evolusUe the subsurface 
~ond~t~en~ ~n the v~¢~nity of the p~pe1$~e rupture ~. erder 
locate ~re.~ ~here the sn~l~ mey have b~ee disturbed by excavating 
equipment. It i~ ~ur underst~u~l~ that exc~v~t/n& equLpse~t 
have been utilized in the vicinity of ~he pipe rupture during 
Cs]Nev poxt dereilnent pipe Inspection and/or du~ing Clean-up of 
the derni]nent debr*s. 

SCOPE OF NORK 

Our scope of wo~k consisted of visual inspection of backhoe pits.
~n-situ Yield density teet~ng, ¢besicsl tenting of solln for the 
presence of T~ona, end ~reparet~on of this report. The locations 
o~ the Yield de~stty tests are shown oh Drewtn~ 1. Site Plan. The
results of the fzeld de~sity tests ere shown on Tables I and 
The 8~alyttcel test resUltt ere enclose~ in Appendix A. 



  

APPENDIX N 

O,r initial lnvsstiSstion consisted ef evaluntl~S in-lieU relative 

excitations end/or cross ~f alSeift.cent soil d~sturb~ce. 

The site uus ~tsually observed on the eeentsg ef Hay 25. ,190g. 
¯ spprnxinstel~ 4 bo~rs after ~hs burning gtssdtno bud 

1989, f~r field density teJt8 sere perfumed on either side 
ruptur,: ores (tasts 1 through 4 on Drew~n~ 2). 

On 3use 5, 1939 - the day the p~pe ~ the dotaL;nest tree was
excavated and replaced - ten sdd~tional field density tests were 
performed to the south.of the pipe rupture (tests S through 14 on 
Drawlsz 1). Yhe~e tests sr~ believed tc hnve been tnksn in 
relatively undisturbed s~te seals and s~rved as our 

Our methods]sly_onsisted of coupsr~ng in-site fleld densities 
obtained within areas of possible subsurface excavations, or.soil 
d~sturbencs, end conpsrinS thole ds~a to ~-sltu field densities 
obtsised from the "control sees". The "control sees" ~ss 1ocste~ 
sd~scen~ s ~ortien o~ the pipeline that hid apparentlynot bees 
d~sturbe~. 

Areas of low fleld densities relative to the cnstro~ tests see 
belteve~ to ~ndicste subsurface disturbtKccs, such as the 
excavation of insp=ct~on-pits snd/o~ d~sturbances resu]ting froo 
s~te clean-up or slope repairs, The presence of Trent in areas 
where low relative ~ield dens~ties sere obtained would further 

expecte~t~ hive occurred during bu©~fi111ng of excavations 
disturbances related to the use of heavy ex©svstls’g’Tequipnsnt
(such sz was used durJoS s~te class-up and slope repairs). 

~ total of fourteen ~teld densities tests were perfoz~ed alon~ the 
ptpel|ne. ~eosSty of the soils yore deternined ~n the f~eld ~siog 
the ~STH D1556 Sand Cone Test Hotbed. Field moisture contest was 
deter:teed using the Speedy Moisture Tester. ¢ollbrstod w~th oven
drted samples. Test results tee presented in Table I - "Table of 
Test ~ssults’, 

Ru]k samples of representative semi tyFns sere ollected ~or
 
moisture-dens~ty det.srniestions. The :oisture-deostty relation



   

  

O+He]ven¥ & Myers 
CCIE Pro~ect .89-81-13]-0] 
A~g~st 30, 19B9 

from these test8 ere presented in Table ~I - "Hoiatura-OeDsity 
Relationship Test Suutry’. 

Selected soil nt~p)es obtained from the Yield density 
locations, were else analytically tasted for the presence ef the 
~ineral Tre~s. Significant quantities of Tronavtrm present on the 
surface of the site following the train derailment. The presence 
of Trent In subsurface soils would lndlctte mixing of surface sad 
subsurface moteriala. One sample was obtained from an tram off-
a~e and was analyzed to provide background levels in the ares 
(aam~le OS-IA, in Appendix A). This temple was obtained 
approxi&ately one nile north of the pro~ect area ea show~ on 
Drtw~ns 2. 

TEST LOCATIONS 

F~eld density tests I through 4 were obtained f’roa nn area w~th/n 
16 feet so~th and 10 feet north of the rupture. As shown on 
Drtwing l, field density test 1. 2 and 3, were taken directly above 
the pipeline; field density test 4was taken tpproxlmate]y ].S feet 
west of the pipelLne. The depth of these tests relative to the 
pipeline (st existing on Hsy 26, 1993), are ohown on Table l. 

Field dens~y tests 5 through 14 were performed over an area 
approximately 130 to 220 feet south of the rnp~ure sone~ ns shown 
on DrawJn~ 1. T~eJe tests were taken approximately 1.5 to 5.5 feet 
west of ce~er l~e of pipe, at depths ranging.~yro~ approximately
2 to 2.5 feet below ground surface (as exlstin|¯on June 5, 
Approximate depth ~el©w [round surface, of each test location Is 
sho~n on Table I

_TE~T ~S~LTS ............
 

Field density tests I trough 4, taken is the l~aediate vicinity of 
the pipe rupture, Indicate relatively low field dry densities. 
Such dan;males era Indicative of disturbed or poorly compacted
earth materials. Staples ollected from field density teat 
locstlon 4, and t onposlte sample of field density Iocatlona 2 and 
~, ¢on~nl~ed$ignlflcnnt ,quantities of the mineral Trent (see 
Appendix A). These 8s~plta were obtained approx~uatel~ O.S and 2.0 
feet, respectlvely, above the plpeline. 
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O’~elve~y ~ ~ers 
CCI£ Project 
A~Z~st 30, 1989 

Field density tests 

densities, ind~catlva of 
recently d~aturbed, or that have been ©o~pscted. Chemical analyses
o~ samples collected from field density locetiona 5 and 6 did not 
Indicate the presence of the ~Ineral Trona within the "control
eras" (see Appendix 

-
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l~tter, please feel fr=e to &11 the u©dersi~ned. ~bin opportunity 

Ro~er~ H. Pride, RGE _697 svzd B Simon, ~EG 1400
 
Preside~= _. ¯ Senior £eg~neerln8 GeelcgI~
 

~BS/RH~;8~A 

Vis~: 40/Addressee 

£nc~:	 Tables ] an~ 2 . .
 
Dr~v~ngs 1 and 2
 
Appendix A
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ANALYSZS OF SA*~L~S 

Sam~e ZD ~O~A~Z BZC~ONAT~ 

T~s~ L=cu~on ~4 22.000 ~0,000 

S~ple OS-IA ~
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AGREEI~EHT BETkIEEN THE SOUTHERN PACIF%C 

~E C%~ OF S~ BEA~INO 
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pl~ hs~eo~. 

2428 ~u~y S~ee~. 

d. 2450 ~l~y s~ee~ 

p~ope~les ~:om ~he ovho=l ~heto0~ It ~he ta~ mi~ke~ velue 
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¯ ossonablO ~eZoloo8 fr~ p~ope~ ~owo to~ ~Jge 
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2404 D~fy Street. ~ncluslvo, 

ondem~s~Son 

~o costs of 
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~e ~ased ~ ~e Rallroa4 or Ond~ed by ~, R~I~oad 

shall pay ~Or ~lng, ~1~ ~ 8to~ego f~ up ~ ~ne~ (901 
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2326 ~ff~ $~ -~ 

Lot 77, T~oc~ No, 3946, In ~e ~ of San 

map ~o¢o~4ed :n Book 60, psgel Sl through
 
" Sncluelv~, ~oCo~Am o~ said ~.
 

~t 76, T~ict HI. 3948, ~ ~he ~ o~ S~ 8e~no, 

map ~;o~de4 ** Book 60. pages 52 ~h~ough 53
 
~nclvslve, ~oco=dm of said Co~.
 

2348 ~v Street 

Lot 75. T~lct HI. 3948, An .~he CA~ of Sen Be~a:dlno, 

2360 ~ffY 

~ot ?4, ~Ic~ No. 3948. In ~ ~ o~ S~ ~e~dlno, 

map rlcO=dld ~n Book 60, plgol 51+ thzough 53, 
Lnclus~ve, ~o=o~ds o~ mlt~ ~. 

LO~ 73, T:aC~ No. 3948, 1~ ~e C1~ of S~ 

LO~ 72. ~:;~ o. 3948, in ~e ~ of S~
 

map recorded In Book 60,-psgem 51 lh~ough 53,
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